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FOREWORD

This document is part of the Final Report of an effort per-

formed under contract NASW-3864, titled "NASA Long Range Tech-

nology Goals."

The objectives of the effort were:

To identify technologies whose develop-

ment falls within NASA's capability and

purview, and which have high potential

for leapfrog advances in the national

industrial posture in the 2005-2010 era.

To define which off these technologies can

also enable major advances in the nation-

al space program.

To assess mechanisms off Interaction be-

tween NASA and industry constituencies

for realizing the leapfrog technologies.

This Volume summarizes the methodology used and the findings

of the study.

Volumes

findings.

II through V detail the methodology and the
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EXECUTIVE SUMMARY

In the past decade, the U.S. experienced a slowdown in

growth of productivity and an erosion of its international pos-

ture of industrial leadership. In this study, ECOsystems Inter-
national and Arthur D. Little examined NASA's potential to

redress these trends by stimulating long-term, leapfrog technol-

ogy advances realizable in the 2005-2010 era.

BACKGROUND

The following considerations and hypotheses lie at the root

of the study:

That the nation's eroding posture with respect to pro-

ductivity growth and industrial leadership, resulting

from diverse factors, could be remedied and even turned

around through application of innovative industrial

technologies.

That a measure of coordinated focus by government and

industry may be needed to bring these new technologies

to fruition. The County Agent system in which govern-

ment acts as catalyst for bringing new technology to

farmers, is an example. Begun in 1884, it has fostered

the highest level of agricultural productivity in the

world.

That m_ny aspects of the advanced technologies NASA

will need to enable imaginative future space programs

may be common to the technologies needed to revitalize

U_S. industrial productivity.

That NASA may be in a particularly strong position to

assume a significant role in focusing national tech-
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nological developments. In harnessing U.S. industrial

resources for the nation's space program, NASA has

built up unique scientific and technical know-how and

management capability.

METHODOLOGY

We examined these considerations by analyzing 20 industrial

subsectors and 45 subdivisions of the economy to assess the

degree to which long-term technology improvements could mitigate

current and forecasted slowdowns. We assessed the technological

needs of these industries and identified a set o£ technologies

common to most of them. We also analyzed technology's role in

advancing noneconomic aspirations, such as health and security.

In parallel, we identified key, long-term technologies that NASA

itself will require to enable advanced space missions; and we

assessed their commonality with those needed by industry.

CONCLUSIONS

The study's principal conclusions are:

The U.S. is still ahead off other developed nations in

generating GNP, in overall productivity, and in satis-

fying noneconomic aspirations, but the U.S. lead is

waning. As things stand, the lead could be dissipated

by about the turn of the century.

Aging inflexible plants, inefficiencies of training and

education systems, constraining government regulations,

and a transition from manufacturing toward service

industries are among the factors causing lowered produc-

Q Technology plays a dominant role in driving productivity

gains. More than half of the productivity gains in the



"boom" period 1948-66 for example, resulted from

increased "know-how." Foreign economies have also

increased their productivity through technology. Capi-
talizing to a large extent on technologies imported from

the U.S., they avoided the expense and lead time needed

to build their own technology bases, thus accelerating
their rate of growth above that of the U.S.

Historically, in peacetime, the U.S. has placed major
reliance upon industry to develop technology. Indus-

trial R&D, conducted within hundreds of individual

firms, is by its nature industry-specific, because of

each sponsor's need to preserve his competitive sta-

tus. Industrial R&D operates within short-term hori-

zons, necessitated by pressures for rapid return-on-
investment. These constraints make it difficult for

industry to engage in basic research with long term

fruition, even though the potential payoff may be high.

In recent years, foreign competition has pointed up

limitations of relying solely on industry for realizing

long-term technology objectives. Japan, for example,
has employed innovative mechanisms for government-

industry interactions in basic, long-term, high payoff
technologies such as advanced materials, robotics, arti-

ficial intelligence. Similar mechanisms, properly
structured, could be effective in the U.S.

Coordinated government-industry programs need to be

structured with care to maintain incentive and competi-
tiveness, and at the same time overcome constraints

caused by industry's limited horizon and fragmenta-

_zu_i. ouc_l programs should be aimed primarily at tech-
nologies that are basic, long-term and common to the

requirements of broad classes of industries. Our study
identified ten such "pervasive" technology goals whose
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accelerated development would bring about major gains in

national productivity and competitiveness.

i • Advanced Materials--with strength-to-weight ratios

not heretofore available, or that provide more

economical substitutes for available materials•

Examples are hyper-strength, low-weight plastics

and ceramics•

• Custom Multl-Property Materlals--that can be flex-

Ibly designed and synthesized at the molecular

level to achieve characteristics tailored to fit

specific applications. An example is engine blocks

that require no machining and exhibit varying,

requisite properties, such as hardness and heat

resistance in combustion zones and vibration resil-

ience in mounting areas•

• Moblle Energy Storage Devices--such as high energy

density batteries for transportation. Such devices

would allow energy from stationary power plants,

generated from Fuels abundant in the U.S., to be

exploited in mobile applications such as electric

cars•

• Live Presence Communications--the ability to inter-

communicate in a way to obviate physical presence,

thereby reducing the need for personal travel•

Current teleconferencing is a primitive example•

Communications technology does not appear to be the

critical factor limiting more realistic inter-

facing; what requires research is deeper under-

standing off the mec,hanlsms off Inter-personal infor-

mation transfer.

vii



• Information Rationallzatlon--vastly improved tech-

niques for extracting cogent information, rapidly

and easily, from the growing number of databases•

• Accelerated Learnlng--technlques for rapidly

acquiring new industrial skills and for enhancing

basic education processes•

• Artificial Reasoning--technologies for constructing

electronic and biotechnical systems, beyond the

capability of robotics as we know them, capable of

performing many of the hlgher-level functions of

the human brain. Achievement of these technologies

would represent the culmination off the body of

ongoing research known as "Artificial Intelli-

gence."

• Blotechnology--advanced techniques for building

"customized" biological systems• Examples of

advanced industrial applications are microorganisms

capable of concentrating metals from ores, systems

capable of "growing" industrial materials with

multiple properties, organic control devices, ultl-

mately reasoning systems•

• Pattern Recognltion--technologies fior interpreting

sensory signals with discrimination and synthesis

capabilities akin to humans•

i0. Medical Technology--advanced methods for diagnosing

and treating diseases and dlsflunctions and flor

restoring lost functions through use of advanced

prostheses.

These pervasive technologies challenge current scien-

tiflc and engineering knowledge. None can be expected
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to be fully realized in the near-term. However, their

states of development are such that slgni_Icant fruition

can be projected for the 2005-2010 era.

In examining NASA's long-term requirements to prepare
the technology base for future space programs, we iden-
tified the need for:

• Fuels with high specific impulse at high thrust

Advanced materials with low cost-to-strength

ratios, to lower the cost of space transportation

Sophisticated techniques to reduce the high costs
of launch services

Techniques for automatic interpretation of geome-

tric-radiometric data from earth survey sensors

Technologies for manufacturing and deploying large

energy-collecting apertures in GEO

Technologies to drastically reduce the life-cycle

costs of ground terminals for satellite navigation

systems

Techniques for enhancing the performance-to-cost

ratio of science missions, by utilizing astronaut

maintenance capabilities and by exploiting evolving
capabilities for facile, interactive data bases.

Many of the pervasive technologies applicable to

industry are common with technologies NASA itself will

need. NASA's inherent technological and managerial

capabilities can be brought to bear to supplement indus-

try in realizing these technologies.
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Presentation of the study's findings to representative

Executive and Legislative personnel elicited, as an

overall reaction, the view that the concept of NASA

attempting to stimulate long-term basic industrial pro-

ductivity was in consonance with trends in national

science policy. The fact was noted that a number of

federal agencies are beginning to move in directions

evlsloned by the study. Most of the reviewers expressed

the view that NASA is the logical lead agency for such

efforts.
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1.0 INTRODUCTION

1.1 OBJECTIVES OF THE STUDY

In accordance with its charter, NASA pursues the development

of leading-edge technologies and capabilities, to enable the U.S.

to undertake space missions. To what extent can these technolo-

gies and overall NASA capabilities also contribute to fulfilling

other aspirations of the American people? The aim of this study

is to assess the potential of NASA's technological capability to

foster the development of long-term, innovative technologies that

can strengthen the position of economic and societal leadership

of the U.S. into the early 21st centry.

NASA's predecessor agency, NACA, performed a central role in

conducting the advanced R&D that enabled the dramatic growth of

the U.S. aircraft industry. At that time, the fledgling aircraft

industry did not possess the capacity to carry on this research

by itself. But it did have the capacity to exploit NACA's find-

ings_ with results that have benefited the whole nation°

A similar experience took place in the area of communica-

tion. Thanks to NASA's initial R&D in space communications, the

American people now enjoy the most economical, highest quality

satellite communications system in the world. That R&D also

fostered the growth of the multibillion dollar communications

satellite industry.

This study examines whether similar significant contribu-

tions to the U.S. economy can be repeated in other areas, to

offset some of the negative trends affecting U.S. industrial

leadership that have taken place during the last decade.

I.2 METHODOLOGY

The approach employed in this study is illustrated in Figure

I-I.

1-I



STEP 1 STEP 2

STEP 3

STEP 4

Figure 1-1. Study Approach
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The first of the four major steps seeks to identify the

advanced, innovative technologies that are needed to meet the

nation's goals and aspirations in the early 21st century. The

study examines two aspects: the technologies required to main-

tain a strong international economic posture; and the advanced

capabilities that can contribute to fulfilling aspirations in

other than economic areas, such as health, security and general

well-being, described in our Constitution as "pursuit of happi-

ness."

With respect to economic goals, the study analyzes the major

sectors of the U.S. economy to establish the following factors:

Current growth rates compared to historical growth

patterns, and competitive posture vis-a-vis major

foreign competitors;

The reasons underlying unfavorable performance, e.g.,

flagging productivity;

The degree to which long-term, innovative technologies

might redress identified shortfalls.

The similar approach is taken with respect to the non-

economic goals, leading to the identification of new technologies

that support national aspirations in these areas, e.g., advanced

health-restoring techniques.

The second step of the method seeks to identify key long-

term technologies underlying future national space missions. The

study characterizes the spectrum of missions with respect to

their "utility" and derives the crucial, enabling technology

drivers.

The third step compares the technologies identified in the

first two steps and identifies common, technological thrusts,
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i.e., areas of R&D that meet the needs of both industry and the

space program. These thrust areas represent directions in which

application of NASA resources portends benefits transcending the

space program itself.

The fourth step studies mechanisms NASA might choose to

adopt to structure its technology efforts in these thrust areas

to maximize their contribution to both space and other national

needs.

1.3 GROUND RULES

In projecting the needs for advanced technology into the

early 21st century, we adopted the following assumptions:

• Stable world--No disruptive wars, major social

upheavals or ecological disasters.

Stable economic trends--Economic conditions are extra-

polated from current trends and serve as indicators,

not forecasts of future conditions.

The data used for the study were drawn from the best avail-

able compilations. Table 1-I summarizes the principal data

sources. Where the data, particularly the foreign statistics,

appeared of uncertain reliability, we supplemented them by inter-

views with private and governmental authorities.
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TABLE i-i

PRINCIPAL CATEGORIES AND MAJOR SOURCES OF DATA

ECONOMICS

PRODUCTIVITY

INDUSTRIAL TECHNOLOGIES

SPACE TECHNOLOGY

DEMOGRAPHICS

HEALTH

ENVIRONMENT

CRIME

DISASTERS

EDUCATION

SGURC_S

@ ORGANIZATION FOR ECONOMIC COOPERATION
AND DEVELOPMENT

@ UNITHD NATIONS
• WORLD BANK
• CENTRAL INTELLIGENCE AG_CY

@ U.S. DEPARTMENT OF LABOR
@ JOHN W. KENDRICK, OONSULTANT
• AMERICAN PRODUCTIVITY CENTER

@ WORLD BANK

@ BUREAU OF THE CENSUS
@ U.S. DEPARTMENT OF LABOR
@ NATIONAL SCIENCE FOUNDATION
• U.S. DEPARTMENT OF E_rERGY

@ NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

• _ITROPEAN SPACE AGENCY

@ BUREAU OF THE CENSUS
@ AGENCY FOR INTERNATIONAL DEVELOPMENT

@ WORLD HFAL_I_ ORGANIZATION
@ U.S. DEPARTMENT OF HEALTH AND HUMAN

S_Tv'ICES

• ENVIRONMENTAL P_ION AGENCY
@ U.S. DEPARTMENT OF AGRICULTURE
@ ORGANIZATION FGR ECONOMIC COOPERATION

AM) DEVELOPMENT
• U.S. COAST GUARD
• THE CONSERVAT!CN FOUNDATION

@ 0OUNCIL ON E_fIRONMENTAL QUALITY

@ _ BUREAU OF INVESTIGATION
I _ATIONAL POLICE ORGANIZATION

(INTERPOL)
• U.S. DEPARTMENT OF JUSTICE

• FEDERAL E_RG_CY MANAGH_H_T AGENCY

• U.S. GEO_I;ICAL SUHVEY
• NATIONAL OC_RAFHIC AND ATMOSPHERIC

ADMINISTRATION
• SMITHSONIAN INSTITUTION

$ AGENCY FOR INTERNATIONAL [_Z_OPMENT

• BUREAU OF THE C'_qSUS
@ ORGANIZATION FOR ECONOMIC COOPERATION

AND DEVELOPMENT
@ NATIONAL SCIENCE FOUNDATION
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2.0 TECHNOLOGY REQUIREMENTS FOR SUPPORT OF MAJOR

SECTORS OF THE ECONOMY

2.1 OVERVIEW

This chapter summarizes the findings of the Step I process,

Figure I-I, which identified long-range requirements of U.S.

industry for advanced technology.

Section 2.2 reviews the structure, outlook and needs of 20

major U.S. industrial sectors that we analyzed in detail.

Section 2.3 illustrates the analysis for a representative

major industry, "Transportation Equipment." Sections B.I through

B.20, Volume II, detail the analyses for all twenty subsectors.

Section 2.4 summarizes the long-term technology requirements

of the industries analyzed.

Section 2.5 identifies pervasive technologies common among

the industries, whose attainment would benefit a broad class of

industrial applications.

In this Study, we define advanced technologies in a special

way. On the one hand, they transcend R&D efforts currently

underway or planned by industry for the medium term, i.e., with

expected fruition circa 1995. Nor, at the other extreme, are

they so "blue sky" as to clearly lie beyond 2010. For example,

coal-driven mobile energy is an ongoing program with medium-term

fruition; mobile fusion was judged by us to lie beyond our time

frame. Neither falls within our definition. On the other hand,

we deem stationary-to-mobile energy storage as falling within our

definition.
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2.2 SELECTION OF CANDIDATE INDUSTRIES

To identify industry requirements for advanced technology

and to assess technology's role in affecting economic growth, we

selected industries from within two categories:

"Sunset"--industries that have declined over the years,

and/or are being eroded by foreign competition

"Sunrise"--industries with performance above average,

both domestically and with respect to foreign competi-

tors.

In examining ongoing and planned technology development

programs in the selected industries, we found that, in most

industries, planning horizons do not extend beyond five to ten

years. To test the study's hypothesis--that R&D associated with

the long-term National Space Program could effectively stretch

industry's horizon--we concentrated on long-term industrial

needs, in the 2005 to 2010 time frame.

We arrived at our selection of twenty key industrial subsec-

tors and component subdivisions through a top-down approach that

began with analysis of the strengths and weaknesses of the U.S.

economy as a whole, and progressed through the economy's major

sectors, subsectors and subdivisions.

2.2.1 STRENGTHS AND WEAKNESSES OF THE U.S. ECONOMY

Two measures of the strengths of national economies in com-

mon use are Gross Domestic Product (GDP) and GDP per capita. GDP

is the total yearly output of goods and services, valued at

market prices, which originates from activities within a

country. Figures 2-I and 2-2 show the GDP and GDP per capita

trends for the U.S. and for four major developed economies that

most closely approach the U.S. Figures 2-3 and 2-4 show this data

as ratios.
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As shown in Figure 2-4, the U.S. lead in GDP per capita has been

eroding.

Particularly significant is the fact that the U.S. slowdown

in growth of GDP per capita has occurred even though a greater

proportion of the U.S. population Joined the work force during

the last decade, see Table 2-1. Figure 2-5 shows that the growth

of GDP per person employed, also termed total labor productlvlty,

has declined relative to foreign economies. In contrast to annu-

al growth rates in U.S. labor productivity of more than 3_ over

the period 1948-64, the growth rate dropped to approximately I%

between 1970 and 1982.

Several explanations have been advanced for this decline.

Most economists ascribe it to a combination of aging plants,

restrictive government regulations, entry of large numbers of

inexperienced workers into the work force, and reduced outlays

for R&D. a Some economists hold that a basic underlying causative

factor is the fact that the U.S. is transitioning from an indus-

trial to a service economy to a greater degree than other indus-

trial nations, see Table 2-2. Productivity growth in service

industries is generally held to be lower than that of manufactur-

ing and agricultural sectors.

Clearly one needs to examine individual components of the

economy in detail to establish which are responsible for the

overall U.S. slowdown and which might be in need of revitaliza-

tion.

a
Since 1982, there has been an improvement in labor pro-

ductivity: U.S. growth rate now appears to be of order

3%. This improvement may be due to transient effects

associated with post-recession recovery. Many of the long-

term factors that contributed to the prior slowdown still

affect the economy.
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TABLE 2-1

PERCENT OF TOTAL POPULATION E_PLOYED

1970 1975 1981

39.9 40.8 44.6

JAPAN 49.1 46.8 47.4

F.R. GERMANY 44.0 41.7 42.4

FRANCE 41.2 40.4 39.9

ITALY 36.9 36.0 37.0

TABLE 2-2

PERCENT OF CIVILIAN LABOR FORCE

IN THE SERVICE SF_I_DR

(XXIN_¥ 1970 1975 1979

I U.S. 59.2 60.8 62.4

JAPAN 46.9 51.1 53.4

F.R. GERMANY 42. 46.6 49.1

FRANCE 46.1 49.8 52.2

ITALY 38.1 41.5 43.8
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2.2.2 MAJOR ECONOMIC SECTORS

The U.S. economy comprises five major sectors as shown in

Figure 2-6. Figure 2-7 shows the trends in productivity for the

nonagricultural sectors. Several conclusions are evident:

U.S. productivity appears to be diminishing or at best

to be flat;

• Foreign productivity appears to be catching up;

For the larger sectors, manufacturing and services,

Japan appears to have the largest growth rate, Italy

the lowest. We used Japan and Italy as "maximum-

minimum" yardsticks for comparison.

Figure 2-8 shows labor productivity trend in agriculture,

expressed both in monetary and physical terms, the latter in

number of persons supported by each agricultural worker. To a

significantly greater extent than indicated by the monetary data,

the U.S. farmer is more productive than his foreign counterparts,

and shows faster productivity growth. The apparent disparity

between monetary and physical productivities is caused by multi-

ple factors, such as differing price levels and presence of sub-

sidies, and points to the limitations of measuring productivity

solely in monetary terms.

Although measurement of productivity in physical terms pre-

sents notable difficulties vis-a-vis the more straighforward

monetary indices, we have attempted to supplement monetary meas-

urements with physical measurements wherever available, b

b
The Bureau of Labor Statistics has been the lead agency in

developing physical productivity measures. We acknowledge

their assistance, particularly in making available much

preliminary unpublished data.
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In selecting industries for detailed examination, we adopted

the categorization of the Bureau of the Census Standard Indus-

trial Classification (SIC). Major SIC categories are shown in

Table 2-3.

Our choice of SIC manufacturing components was based on

their contribution to GDP, Table 2-4, and their productivity

trends. Figure 2-9 shows productivity trends for the top ten

manufacturing subdivisions. Each panel compares subsector pro-

ductivity with its Japanese equivalent. Through 1980, the curves

represent actual historical data. Beyond 1980, they are simple

extrapolations. These "future" curves are not to be considered

as forecasts but simply as indicators of what might happen if

conditions remained "as they are." The eras at which the curves

intersect, may be considered "strategic indicators."

Figure 2-10 shows the productivity trends for the five sub-

sectors within the service sector.

Analyzing these data to arrive at the most significant SIC

categories to be studied, we selected the 20 subsectors shown in

Table 2-5. For each subsector, the Table shows contribution to

GDP, average annual productivity growth, and our assessment of

the subsector's apparent "sunrise/sunset" condition. With the

exception of "Transportation, Communication and Utility Ser-

vices," SIC 40 through 49, all twenty subsectors show evidence of

saturation or of "sunset" characteristics. Since each SIC sub-

sector encompasses numerous industries, we reviewed each selected

subdivision to uncover component industries with "sunrise" char-

acteristics that may have been masked by the global statistics.

2.3 REPRESENTATIVE ANALYSIS OF SIC 37 t TRANSPORTATION EQUIPMENT

As an example of the analysis process we applied to each of

the twenty selected subsectors, this Section describes the

condition and strengths/weaknesses of the transportation equip-
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TABLE 2-3
THE SIC CLASSIFICATION

O2

O7
O8

O9

i0

ii

12

13

C_T_CTI_

15

16

17

N_OFJ_BRI]_O

R3RE3TRY. _ FISHI_]

AGRICU_TUPAL I_OIX_ON--CROPS

AOR/CULTU_ PROtUCTI0_---L_K

A_R/CULTURAL _E_rICES

KRES'IRy

FISHING, HtR4TI_, AI_ _RAPPING

METAL _INI_

A_AC PIE _INING

BITUMINOUS COAL A_D LIGNITE ML_ING

OIL AND GAS EXTRACTION

_INING _ QUARRYI_ OR _I_TALLIC _ERALS,
EXCE_

KTILDI_ 00NSTK_PIg CONT_C'[ORS AND
OPERATIVE BU_

CON3TRtL'TION _ _ BUILDINO CO_.%'I_UCTION--

G_9_%AL COWIRAC'KRS

CONSTRUCTIO_--S_EIAL _ COMIRACTORS

20 FOOD AND KI_ PBCO_

21 TOBACO0 MANUPAO'I_

22 TEXTILE, MIlL PBODUCT3

23 APPAREL AND (7_ FI_ PRODUCT_ MAEE FBOM
F_.RRICS AND SIMILAR MATERIALS

2_ I_ AND WOOD PRODUCTS, EXCEI_ I_
25 I_t'R_ AND FIX'I_
26 PAP_ AI_ M.LI._ PRODUCTS

27 FRINTING, I_[ING, AND ALLIED PBODUCT3
28 CH_CAI_ AND ALLIm PRC_CTS

29 _ I_ININO A_ I_TED II_)USTI_

30 I_ AND NI_ I_CS I_

31 I._'I'_ AI_ LFA'I_

32 S'_, CLAY, OI_ AND CONCRETE PROWC'13

33 PRIMARY METAL

3_ FASRICAT_) _-TAL PR(XIETS, EXCEPT _ACHI_RY A_)
TRANSPORTATION _UIPMENT

35 MACHI_RY, EXCEFP E_ECTRICAL

36 ELECTRICAL AND I_C M_'HINERY, 8QUII_,
AND SUPPLIES

37 '_ANSH_'I'ATION _UI P_SNT

38 _ORIN_, ANALYZING, AND CON_LLINO INSTRUMI94TS;
PHOT_RA_C, MEDICAL AND OPTICAL GOOD3;
WATCH_ A/4) CLOCKS

39 MI_C_ NANUFACTURING I_IE_

3ERVI(_

---'--'_I3PQRTk_n'ION, 0_CATIONB, ELBOTRIC, C_, A_D 3ANITARY SI_VICE3

_0 RAILROAD TR_IK)RTATION

_I II)CAL AND _ _RANSIT AND IN'I_b'RBAN IqOHWAY
PA._R TRANSPORTATION

_2 M_ PREIOHT _RANSIKARTATION AND WAR--SING

_3 U.S. POSTAL S_ICE

_ WATER _RANSP_RTATIO_

_5 TRAh_PORTATICN BY AIR

_6 PIPE LINES, EXCEPT NATURAL GAS

_7 TRANSPOI_ATION SI_VICES
_8 COHMb_ICATION

_9 _LECTRIC, GAS, AND SANITARY S_T_'ICES

WROLESALE _RAI_

50 WIDLESALE _]%_I)E--IXIRABLE GOODS
51 WHOLESALE TNADE--NO_EX_RABLE OOODS

RETAIL _t_nK

52

53

55

BUILDING NAT_RIALS, HARDWARE, 0ARDD_ _UPPLY, AND
MOBIIE H[_ _

MERCHANDISE Sg0FLES
FOOD SIDRES

AUTO_I)ITqE _ _ _ S_TICE STATIONS
APPARE_ AND ACCESSORY

_I'TIRE, HDME Pt_IISHINGS, AND E_UIF,_NT S'IDRES
EATII_ A_D DRINKINO PLACES

MI_CELLANEO[_ ]miTAIL

IM_JRANGE, AND BEAL B3TATE
BANKING

CREDIT AG_qCIES _ _ BANKS

SBCURITY AND COMMODFH BaOK_RS, _, EXCHANGES,
A_D _%qCES

INSURANCE

INSUPANCE AGI_fS BROKI_RS, AND SERVICE
REAL ESTATE

COMBINATIONS C_ _ ESTATE, INSURANCE, [OARS, LAW (FFICES
HOLDIN_ AND OTHI_ INVESIMI_T OffiCES

56

57
58
59

WlNABC_,
6O

61
62

63
6a

65
66

67

38_ICES

70 HOIEIZ, BOOMING }DUSF.S, CAMPS, AND _ I/I_ING PLACES
72 PI_RSONAL SI_VICES

73 BUSINESS SERVICES

75 A_IVE RI_AIR, SERVICES, AND GARAGES
76 _I2CELLANEOUS _PAIR _E_[ICES
78 _OTIOq PIC_

79 _ AND I_CREATION SERVICE, EXCEPT. M3TION PICIIIRF_
8O HEALT_ S_VICES

81 LESAL SERVICES

82 HIKJCATIO_AL SHR_q CES

83 SOCIAL SERVICES

8_ MU._I_, ART GAILI_IES, BOTANICAL AND ZOOLOGICAL G_S
86 _9_%S_J20ROANIZATIO_S

M:_IVATE HOOSZ_}KILO_

P_2mBLIC_ON

91 EXECUTIVE, LSGISLATIVE, AND _ GOVI_R_¢P, ID(CEPT FINANCE
92 JUSTICE, PUBLIC (RI_R, AND SAPETY

93 PUBLIC FINANCE, TAXATION, A_D M[RETAR¥ POLICY

9_ AI]MINIS'IRATION OR HUMAN RE3GRCES FROGRANB

95 M_MINI3TRkTIOH _ _VIRO_E_AL _UALITY A_D _DU31NG PROG_

96 AZ_tTJ_IS_II_ATIOHOR ECONOmiC I_OGRA_

97 k_TIC_ SECb%RITY A_) _TIONAL AI_/G.RS

Nm_L_U_a ZS_*_Ual_S
99 N_'LA_IFIABLE E3T_
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TABLE 2-4

SUBSECTOH CONTRIBUTION TO U.S. MANUFACTURING' S

PORTION OF THE GDP IN 1980

TOP

TEN

MAJOR

SUB-

SEC-

TORS

SIC COOE

35

37

36

20

34

33

28

29

27

26

MACHINERY EXCEPT ELECTRICAL

TRANSPORTATION EQUIPMENT
INCL. MOTOR VEHICLES

ELECTRIC & ELECTRONIC MACH.

FOOD & KINDRED PRODUCTS

FABRICATED METAL PRODUCTS

PRIMARY METALS

CHEMICAL & ALLIED PRODUCTS

PETROLEUM & RELATED INDUS.

PRINTING & PUBLISHING

PAPER & ALLIED PRODUCTS

9.4

9.2

7.9

7.8

7.3

7.2

6.9

5.4

3.7

12.9

22.3

31.5

39.4

47.2

54.5

61.7

68.6

74.0

77.7

38

32

23

30

24

22

39

25

21

31

20-39

INSTRUMENTS AND RELATED

PRODUCTS

STONE, CLAY & GLASS

APPAREL & OTHE_
TEXTILE PRODUCTS

RUBBER & MISC. PLASTICS

LUMBER & WOOD

TEXTILE MILL PRODUCTS

MISC. MANUFACTURING

FURNITURE & FIXTURES

TOBACCO MANUFACTURING

LEATHE_ & LEATHI_ PRODUCTS

ALL MANUFACTURING

3.0

2.9

2.9

2.6

1.5

1.5

0.8

0.7

i00

81.0

84.1

87. i

90.0

92.9

95.5

97.0

98.5

99.3

100.0

2-13



oZl
t..-I I

I-.41

_=_1

_.-ii

I

ol

r..o
i

co

i-4

t.,3 H
¢o

F

t_

!

2-14



\ l

\l
:3

o 'i

_ I\ "'

>-

I\

I: '£1J:o __ __

o o o o o o o
P _ P

o4

\ i _;
\ I
\ I
\ I
\ I o
\ I

a. \1

II o

('4

_ o
l\
l\
l\ "0

_) II o

"o II
0

n o_

o I l

"o I I co
m

iit°-
I I 1 ' , I _

0 0 0 0 0 0 0 O_

n"

UJ
>-

t.o

!

o_

, t°I

l t
I
t

_c \

>,

0

O_L_ 0 0 0 0 0 0

I
I
t
t
I
!

\ I
\ I
\I
\I

_r
.<
I.IJ

>-

'I o

3

.c_
xl

(_

I\

l\
I l
I l
I l
I l
I I
I l
I I
I l
I I
I I
1 1

(M

0
(%1

_r

(M

"_ I I o

_,,,o _ o o o-o o o o

o_

rr
,<
ILl
>-

El
n_
0_

(/)

-i

\ l
\ l

\ l
\ l

\l

l\
I\
I\

0
0
IN

I

W

o o o o o o o o_'4" O_ 0 _ _1" O_

o

c-

o.

\ I

\1
"_ II

II

'_ I

. I

I

I

>-

, I , l , 1 , I _ I , or--0 0 0 0 0 0 0

o

@

o
4,a
o

t_
.Q

C

4"
0

I-"

:E

@

0
@

@

I:

I"

Ill.
o

u_

0

"0
0

eL

I

i|11

U.

I'i
III

>,

_.E
o

o:
o_.

\ I
\ I

\ I
\ I

t
I

II
II

rr

UJ
>-

al

m
o o o o o_

II

0
.m

3
(M

I
I
I

I
o I
r_ I

I

, I , I , I , I , I , I _
0 0

_r
<
UJ

>-

o

o

c_ | o

I
m I

._

i II .
, tl

II

o= .
(_ II
o II

I llI:
I , I , I , l _ i ,

0 0 0 0 0 0 0 O_



1972 $1000

Per Employee
80

Transportation, Communication,

and Utility Services
40

30 ,, ,*_ "* j"

20 _ _" " "* J"
1980 _ "

10 2__@11 _-_

0 , I I . I , 1 , 1 ,

70 78 86 94 02 10

1972 $1000

Per Employee
50

Government and Govt. Enterprises

40

30

20

19pO

• I
0 , I I ,

70

m -- umu Ill In mm Ul ann in in in all alma

I , I A I i

78 86 94 02 10

Legend:

U.S.

Japan

qmmmmlm Iml m m

1972 $1000

Per Employee

50

40

30

2O
1980

t

I

0 , II, 1
70 78 86

Finance, Insurance, and Real Estate

mm nmmm nm n m mnmm m u n,u

J

, I J I

94 02
J

10

1972 $1000
Per Employee

SO

40

30

20"

0 , j I, I

70 78 86

Wholesale and Retail Trade

s

1980 _ _ --_.
I .am am _R. a Nit ilml u lira inn im am na

J I _ I ,

94 02 10

1972 $1000
Pot" Employee

50

40

30

20

10

Other Services

1980 _
I

I_ m im am mm iI am lib nm m mm am Im m

, I I , I , l , I ,
70 78 86 94 02 10

Figure 2-10. Productivity Trends of Service Subsectors
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ment industry. It shows the current direction of its technology

development effort and identifies the industry's need for "leap-

frog" technology advances. The analyses of the other 19 subsec-

tors are presented in Volume II, Sections B.I through B.20.

The transportation equipment subsector, SIC 37, includes

establishments engaged in manufacturing equipment for transporta-

tion of passengers and cargo by land, air and water. The subsec-

tor accounted (in value added) for 9.9% of the manufacturing

sector's contribution to GDP in 1980. Second only to Machinery

except Electrical, SIC 35, the subsector is characterized by:

A high degree of fragmentation. Out of a total of

approximately i0,000 establishments, 6,500 employed

fewer than 20 persons (1977).

A labor productivity of $24,224 per employee year or

$12.62 per employee hour (1980, 1972 $), ranking this

subsector ninth among the nation's 20 manufacturing

subsectors. A compound annual labor productivity

growth rate average of 0.5%/year from 1972 to 1980

ranks this subsector fifteenth. The labor productivity

for the comparable Japanese subsector was $13,875 per

employee year or $7.23 per employee hour (1980, 1972

$), ranking this subsector fifth among Japan's 20 manu-

facturing subsectors. The compound annual labor pro-

ductivity growth rate for the Japanese subsector aver-

aged 4.2%/year from 1972 to 1980, ranking this subsec-

tor eighteenth.

A somewhat less intensive capital investment base rela-

tive to other subsectors within the manufacturing sec-

tor. Capital investment amounted to $15,032 in total

assets per worker, ranking ninth in terms of (depreci-

ated) fixed assets (1980, 1972 $). New yearly capital

expenditures were $2,517 per employee (1980, 1972 $)
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ranking seventh in the manufacturing sector. Total

capital productivity, measured as dollars of added

value output per dollar of capital investment was 0.63

(1981).

An aggressive R&D program. For the subsector as a
whole, R&D expenditures amounted to $8 billion (1980,

1972 $), ranking it first among the 20 manufacturing

subsectors. R&D expenditures were equivalent to 18.7%

of the value added by the subsector in 1980.

Table 2-6 shows the major products of each component of the
transportation equipment subsector, ranked in descending order in

terms of share of the subsector's contribution to GDP in 1980.

Table 2-7 characterizes their principal economic measures.

As shown, two subdlvislons--Motor Vehicles and Equipment
(SIC 371) and Aircraft and Parts (SIC 372)--accounted for 76% of

the subsector's output in 1980. Another subdivision (SIC 376),

Guided Missiles, Space Vehicles and Parts, which accounted for an

additional 10%, is important because of its use of the most

advanced technology. In assessing long-term technology needs, we

selected these three subdivisions for detailed analysis. These

are described in Volume II, Section B.2. The analysis of the
motor vehicle subdivision (SIC 371) is described following.

2.3.1 MOTOR VEHICLES (SIC 371)

This subdivision includes establishments that manufacture

completed motor vehicles and motor vehicle parts, but does not

include establishments that solely manufacture motor vehicle

parts.

In 1977, the last "normal" year in the recent past, the

motor vehicle subdivision (SIC 371) accounted for 51% of the

added value and 65% of the shipments in the motor vehicle and
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TABLE 2-6

CLASSIFICATION OF MAJOR PRODUCTS OF THE

TRANSPORTATION EQUIPMENT INDUSTRY (SIC 37) AND

RELATIVE CONTRIBUTION TO TOTAL SUBS_ OUTPUT_ 1980

SUBDMSION DESIGNATION

SIC CODE AND TYPICAL PRODUCTS % CONTRIBUTION

371 39.9

AUTOMOBILES, TRUCKS, _CIAL CARS

A_) BUSES, SPECIAL PURPO_ MOTOR

V_ICLES, MOTOR VE_ICLE BODIES AND

TRUCK TRAIL_%S, MOTOR VI_ilCLE PARTS

AND ACCESSORIES.

372 A_ _ _ 36.1

AIRCRAFT, AIRCRAFf _NGINES AND PARTS,

AUXILIARY EQUIPMENT A_) ASSOCIATED

R&D.

376 _ _S_IL_3_ SPA(Z%_ICLES 9.6

AND PIhRTS

GUIDED MISSILES, SPACE V_{ICLES, SPACE

PROPULSION UNITS, PARTS AND AUXILIARY

EQUIPME_ AND ASSOCIAT_) R&D.

373 _IP_TBU_DI_N_PAIR 8.2

SHIPS, BOATS, BARGES AND LIGHTERS.

374 _ _ 4.2

LOCOMOTIVES, RAILROAD, STREET AND

RAPID %]_NS!T CARS AND CAR EQUIPMENT.

379 _ _TA_'I(_ 1.4

TRAVEL _RAII2_RS AND ATTACHMENTS FOR

PICK-UP TRUCKS A_) MOIT_ HOMES, MILITARY

TANKS AND (IfHE_TRANSPORTATION EQUIPMENT.

375 M[YK_5_(X_S a HI_ _ PARTS 0.6

MOTORCYCLES, BICYCLES AND ASSOCIATED

PARTS A_D EQUIPMENT.

37 ALL TRANSPORTATIGN E_IPM_V_ i00.0

SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1982-3

EOP/O_B: STANDARD INDUSTRIAL CLASSIFICATIGN MANUAL, 1972
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equipment industry. The period following 1977 marked a crisis in

the industry. Strong import competition, shifts in consumer

preferences, and poor sales due to economic recession caused the

years 1980 and 1981 to be the bleakest in the industry's

history. Although the industry has made a significant recovery

in 1983 and 1984, the long-term outlook is uncertain.

The subdivision's historical and current posture is summar-

ized in Tables 2-8 and 2-9, which portray the industry's business

and structural profiles, respectively. Table 2-8 shows that,

expressed in constant 1972 dollars, industry shipments have

increased only 13% in eleven years, from $42.9 billion in 1972 to

$48.8 billion in 1983. Because of the recent economic recovery,

the 1984 forecast is for shipments of $54.2 billion (in 1972 $),

an increase of 11.1% over 1983. Employment has steadily

declined, falling by 22%, from 339,000 in 1972 to 265,000 in

1983. Labor productivity, i.e., output per employee hour, rose

fairly steadily until 1977. A stasis was experienced during the

next three years, currently being followed by an upward swing.

Table 2-9 shows that the motor vehicle industry is dominated

by four firms, comprising 14% of the subdivision's establishments

and accounting for approximately 97% of the output. The remain-

ing 278 establishments are operated by 250 companies that manu-

facture truck tractors and specialty vehicles (such as stretch

limousines, replica antique cars, and limited production sports

cars). Of these establishments, 203 or 63% have fewer than 20

employees.

As shown in Table 2-9, the cost of the finished product is

dominated by the cost of input materials (75%). Importantly,

manufacturing labor _v_._v_ only 7% nf.... total costs and is

expected to shrink as greater levels of automation are adopted.

A major category of input materials consist of manufactured

parts from domestic and foreign manufacturers. They range from
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TABLE2-8

BUSINESS PROFILE OF THE

MOTOR VEHICLE INDUSTRY (SIC 371)

i

1972 1977 1979 1981 1983 1984 EST
SBIP_ (BILLION $)

CURRENT $ 42.9 76.5 85.1 74.3 97.9 120

1972 $ 42.9 57.2 54.9 40.5 48.8 54.2

TOTAL _PLOY_E_T

(THOUSANDS)

Index 1977 = 100

120 t

339.2 343.6 398.5 271.9 265.0 275.0

/°
I

1980 /

80

60

4O

d

20
1988

- I /Outo°t,Emo,o,-."our ! I
- ,.,,."J

- I //
/

I
i I _ I L I t I L L i I

1962 1966 1970 1974 1978 1982

/

/

1986

PLANT CAPACITY UTILIZATION 1%

NET PROFIT MARGIN AF_ TAXES, %

V._,i_ OF PLANT, 1976, CURRENT $ BILLION

NEW CAPITAL EXPENDII_{E, CURRENT $ BILLION

DF__ IN'v-_NTORY,END OF 1983

1978 1982 1983

93 53

1984 EST

75

3.6-5.0

6.8

1977 1981

1.7

2.4 MONTHS

SOURCES: U.S. DOC/BIE:
U.S. DOC/BOC:

U.S. DOL/BLS:

1984 U.S. INDUSTRIAL OUTLOOK

CENSUS OF MANUFACTURES, 1977

VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 2-9

STRU_ PROFILE OF THE

MOTOR VEHICLE INDUSTRY (SIC 371)

ESTAI_I,.__ (1977)
(CATEGORI ZED BY NO.

OF _4PLOYEES)

SMALL (<20) 203
INTERMEDIATE

(20-1000) 53

LARGE (>I000) 66

TOTAL ,322
(254 COMPANIES)

PROIXK_ON (X_T

D_ON, 1977

NAME

LF_ADING I_ (1983)

PERCENT NUMB_ OF
INDUSTRY OUTPUT ESTABLISHMENTS

GENERAL MOTORS 58.7 21
FORD MOTOR 22.8 14

CHRYSLER CORP. 13.0 7

AMERICAN MOTORS 3.O 2

TOTAL 97.5 44

OTHER

MFG. LABOR LABOR MATERIALS ENERGY CAPITAL

7% 2% 75% 0.5% 15%

I_DI_I'III_ (SIC 371)
CURRENT $, BILLION/YEAR

1972 1976
2.0 2_.

I_TOOLI_ EXI'E__ (SIC 711)
CURRENT $ BILLION

1978-1982

51.0

AVH_AGE ANNUAL (X]ST OP AIR POLLUTION (DN_OL

(BILLION $, 1972)

PAS_ CAR I_ON

CAPACITY, MILLION UNITS
TOTAL

SMALL CAR

FRONT WHEF/_ DRIVE TRANSAXLE

4-CYCLIND_ ENGINE

V-8 ENGINE

(ALL SIC 37)

1970-1978

3.05

1978 1982
IO I-_

1.4 3.9

1.2 3.6
1.0 4.2

5.7 3.7

1981-1990

4.02

1982, %
of 1978

120

279

300
420

65

SOL.mC_ES: U.S. rY_,v,/nT=._,.198_=."._.__ L_V._J_,qTR.I.ALO[LI__OgK

U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977

VALUE-LINE _NT SURVEY, 1984

EPA: 1984 COST OF CLEAN AIR AND WATER REPORT TO CONGRESS
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electronic parts to bumpers, batteries and engines. Precise data

on the composition and costs of these input materials are con-

sidered proprietary by the industry, and are not officially

available. Pertinent data derived from the BLS 1972 Input-Output

Table are shown in Figure 2-11. The most costly input material,

accounting for nearly half of the value, is motor vehicle

parts. The following basic materials emerge as the major input

materials (with the manufactured motor vehicle parts segmented

into its input materials): stampings and other fabricated metal

products (26.2%), steel (25.5%), rubber and plastics (6.9%),

machinery including engines (5.5%), glass (4.0%), fabricated

textile products (4.0%), and batteries and electrical products

(3.9%).

Major structural changes have occurred in the automobile

industry since 1978. After a long period of stagnation the

industry began to make large investments--S51 billion (in current

$) in the four years 1978 to 1982--reflecting a major shift in

emphasis from large to small autos. Much of this investment was

spent in restructuring the production mix from large standard

cars to cars that are smaller, have 4-cylinder instead of 8-

cylinder engines, and are equipped with front-wheel drive instead

of rear-wheel drive transaxles, see Table 2-9.

Among the institutional factors which influence/constraln

the industry, four stand out. As shown in Table 2-10, the indus-

try is strongly affected by congressional and government agency

rule making, and by numerous government regulations ranging from

safety to fuel economy. Historically, industry sales have been

affected by oil prices, interest rates, and the business cycle.

These same factors, however, also tend to constrain the sale of

imports. Two additional factors tend to restrain sales with

respect to foreign imports. First, labor relations are charac-

terized by a large labor union influence that has resulted in

generous collective bargaining agreements not infrequently

exceeding the industry's labor productivity gains. Second,
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-TRIMMINGS & FA8 PROD <3.9g%)

-INTERNALCOMB. ENG. (I.7gI)

STAMPINGS &FAB PROD (21.7%) _ _ _ _ _ _ ////

___ T VEH PARTS (48. 4I) -STAMPINGS & FAB MTL.
-MACHINERYEXC. ELEC.

-NONFERROUSMETALS
i

--RUBBER& MSCPLASTIC

-ALL OTHERPRODUCTS

?
I / M ,

| STEEL (2. 3g%)

I--RUBBER& MSCPLASTIC (5.79%) MANUFACTURED MOTOR VEHICLE PARTS
L.--ALL OTHERPRODUCTS(_. 20%)

Figure 2-11. Composition of Materials for the
Motor Vehicle Industry
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TABLE 2-10

CONSTRAINTS APPE6_INO

VEHICLE INDUSTRY (SIC 371)

i

NUMEROUS DEALINGS WITH SAFEIT EXHAUST

]_4ISSIONS, AND I_JEL ECONOMY REGUIATIONS

AF?ECT EACH _ DII_a'LY, A_D ALTER
RELATIVE 00MPEFflqVE POSITIONS. FOR

EXAMPLE, 237 REGULATORY CHANGES PROM 1960

THROUGH 1975.

SALES A_'_'_.D'z'n;IoBY OIL PRICES, AUTOMOBILES
USE 42% OF ALL OIL CONSUMED IN U.S.

LAB08 SffJkTIOSS GENEROUS COLLECTIVE BARGAINING ASRE_4ENTS

WITH LARGE UNION _; HIGH ABSENTEEISM

(5.7_(_ m_oY_ HOURS _ U.S. VERSUS O.5-
1.0_FOR J_AN).

YEAR TARGET STRIKE

CH_YSUm TYlSATS
1967 FORD 49 DAYS

1970 G'I,I] 67 DAYS
1973 CHRYSLB_ 9 DAYS
1976 FORD 28 DAYS

1979 GMC NO STRIKE

1982 NONE NO STRIKE

AUTOMOBILE SALES _Y AK_mC_i'_u BY HIGH
II¢I_ P,KI"ES ......

SOUROES: NATIONAL AC_ OF ENGINEERING

NATIONAL RESEARCH COUNCIL

2-26



absenteeism has been significantly larger (5.7%) with respect to

Japanese experience (less than i%).

Competitive Issues Affecting the Motor Vehicle Industry

Table 2-11 summarizes export and import statistics and

illustrates the fact that the industry is under siege. Imports

currently account for almost 30% of automobile unit sales; when

measured in dollars, these imports have increased at an average

annual rate of 16.4% during 1972-83, while exports have grown at

only 3.7% during the same period. Automobile production in the

U.S. has dropped to eight million units in 1982 from 9.6 million

in 1965 (after a peak of over eleven million in 1978). Japanese

production has risen from 0.7 million to over seven million over

the same time period, while Italian production has remained flat

at about one million. Without quotas for Japanese manufactures,

domestic automobile production may have been even more severely

impacted. This shift towards imports on the part of the U.S.

public has been superficially attributed to a shift in consumer

preferences from large to small cars, induced in part by high

fuel costs, and in part by increasing traffic congestion, e.g.,

parking problems. A deeper evaluation however, shows that U.S.

manufacturers could and did produce smaller cars, but that these

failed to sell because of three principal factors vis-a-vis the

foreign product:

4

@ Lower product quality,

Lower reliability,

Higher cost.

Quality indices of domestic versus foreign automobiles are

shown in Table 2-12. In 1979, domestic automobiles were ranked

inferior to foreign makes in terms of assembly quality or "fit

and finish" as well as on ratings of body and mechanical repair

frequency. As regards reliability, recalls resulting from safety

related defects were considerably higher for domestic than for
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TABLE 2-ii

COMPETITIVE POSTURE OF THE

MOTOR VEHICLE INDUSTRY (SIC 371)

ANNUAL

GROWTH

RATE

1972 1977 1979 1981 1983 197_3

EXPORTS_ BILLION CURRENT $

IMPORTS_ BILLION CURRENT $

DOMESTIC AND IMPORT SALES

AUTOMOBILE PRODUCTION

SOURCES:

10

8

>

='4
o

2

0.7 2.6 3.2 2.8 I.i 3.7%

3.5 7.6 12.7 15.9 18.4 16.4%

IMPORTS j

o I I I I I J
197', 1976 1980 1984

YEAR8
12

10

_8
el

/

//

¢.)

=.e
o

24

2

o Z
1968 1970

Italy

U.S. DOC/BIE: 1984 U.S.INDUSTRIAL OUTLOOK
NATIONAL ACADEMY OF ENGINEERING

NATIONAL RESEARCH COUNCIL

I [
19801975

YEAR8
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TABLE 2-12

QUALITY INDICES OF MOTOR VI_CLES t

U.S. VERSUS IMPORTS t 1979

_I'l'IOll ClB'CAR A_

(SCALE 'OF i - i0; i0 IS E__)

TYPE OF CAR DOMESTIC IMPORTS

SUBCOMPACT 6.4 7.9
COMPACT 6.2 7.7
MIDSIZE 6.6 8.1
8TANDAtD 6.8 --

OF BODY AND PI_CiLIUIICAI.,BI_'AIR __, 197'9
(20 = BF..ST}10 = A_m_ca,G'E} 0 = WDRST)

MAKE BODY MECHANICAL

BUICK I0 i0

CHEVROLh-T 4 8

DODGE 8 8

FORD 9 7
LINCOLN I0 i0

OLDSMOBILE II 9
DATSUN 14 11

I-K)NDA 16 12

MAZDA 18 13
TOYOTA 17 12

VO_AGB_I 14 I1

VOLVO 16 ii

SOURCES: NATIONAL AC_ OF _}INEERING

NATIONAL _ COUNCIL
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foreign auto makers until 1979, Figure 2-12. Note, however that

if the recall data are normalized to number of automobiles

recalled per recall campaign (a recall campaign is the notifica-

tion by a motor vehicle manufacturer of a safety defect to the

Secretary of the U.S. Department of Transportation, owners, pur-

chasers, and dealers), domestic automakers compare favorably with

foreign makers. In recent years, 1979, 1981 and 1982, there have

been more cars recalled per campaign by foreign automobile

makers, e.g., 18,000 foreign versus 12,000 domestic in 1982.

This would indicate that the quality trend is beginning to

reverse.

The cost factor is intimately connected with the industry's

productivity, as discussed below.

Productivit_ in the Motor Vehicle Industr_

The data in Table 2-8, drawn from unpublished BLS data, show

that labor productivity (output per employee hour) in the auto

industry has been steadily growing over the last 15 years, except

for temporary slowdowns, the last of which occurred in 1978.

Currently, productivity shows a marked upswing. An important

question is whether this productivity growth is sufficient to

offset lower foreign labor costs. Figure 2-13 and Table 2-13

show the distribution of labor costs in the assembly of the typi-

cal automobile, exclusive of the production of input materials

and parts. The Table also compares the productivity of typical

U.S. and Japanese processes. It shows that total labor required

in 1978 to manufacture a motor vehicle was 74 hours in the U.S.

compared to only 39 hours in Japan. The largest difference, more

than twofold, is in labor hours required for the assembly

process. This has been attributed to differences in the sophis-

tication of automation. Note that these labor costs apply only

to automobile assemblage. Table 2-9 shows that approximately 75%

of the average car's costs is in materials. See Figure 2-11 for

detail. Implicit in the costs of these materials are additional

labor costs.
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Bureau Of The Census Data

Figure 2-12. Motor Vehicle Safety Recalls
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FORGE
1.5%

_ TRANSMISSION

13% _"

I AXLE796

STAMPING t_1 1.5%

l
ASSEMBLY

50%

.i MATERIALS AND I[ PURCHASED PARTS

FINISHED

PRODUCT

Figure 2-13. Average Manufacturing Labor Cost Distribution
of Passenger Automobile Assemblage Process.

TABLE 2-13

LABOR REQUIREMENT FOR MOTOR VEHICLE

ASSEMBLAGE: U_S. COMPARED TO JAPAN a

LABOR REQ ULREM ENTS

SELECTED PLANTS IN 1978

LABOR HOURS/VEHICLE

PROCESS U_ JAPAN

ASSEMBLY 38 17

ST A M PIN G i0 4

ENGINE 7 4

TRANSMISSION 8 6

AXLE 5 3

FOUNDRY 5 4

FORGE 1 I

TOTAL MANUFACTURE 74 39

a EXCLUSIVE OF MATERIALS ANDINPUT PARTS

SOURCES: NATIONAL ACADEMY OF ENGINEERING

NATIONAL RESEARCH COUNCIL
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Table 2-14 compares the cost and labor aggregates of Ford

Motor Co. with those of Mazda Motor Corporation. In 1979 Mazda

required 47 labor hours costing $491 to assemble a car; Ford

needed 112 labor hours costing $2,464. These figures need to be

tempered by the respective size mix of the cars; whereas Ford's

production was largely in "standard" autos, Mazda's was over-

whelmingly in compacts and subcompacts. Even when adjusted for

this factor however, plus costs of oceanic transportation, the

Japanese advantage in landed cost was still of order $i,000 per

vehicle. The challenge is particularly severe because the aver-

age Japanese cost of labor ($10.50/hour including fringe bene-

fits) was less than half the U.S. cost ($21.90/hour including

benefits). On the surface, this means that, in order to remain

competitive, U.S. labor productivity should increase by a factor

of two to three. Note, however, that the cost advantage from

increased labor productivity is small. This is because only 7%

of the average car assemblage cost is manufacturing labor, see

Table 2-9. Even if labor costs were reduced to zero, the cost

savings on a $i0,000 car would only be $700.

TABLE 2-14

COMPARATIVE LABOR/COSTS,

FORD AND MAZDA t 1979

FORD MAZDA
PRODUCTION CARS AND TRUCKS (MILLIONS)

AUTOMOTIVE EMPLOYMENT (THOUSAND)

EMPLOYEE HOURS, AUTOMOTIVE (MILLIONS)

AUTOMOTIVE EMPLOYEE COST (MILLION $)

EMPLOYEE HOURS/VEHICLE, UNCORRECTED

EMPLOYEE HOURS/VEHICLE, CORRECTED a

EMPLOYEE COST/VEHICLE, $, UNCORRECTED

EMPLOYEE COST/VEHICLE, $, CORRECTED a

--_ 1.0

220 24

356 #6

7794 482

112 47

87 56

2464 491

1893 589

i i

a USING ,iPRODUCT-MIX/SIZE ADJUSTMENT

SOURCES: NATIONAL ACADEMY OF ENGINEERING

NATIONAL RESEARCH COUNCIL
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Capital productivity for the transportation equipment indus-
try as a whole is shown in Figure 2-14. It can be seen that an

investment of approximately one dollar is needed currently to

produce a dollar of added value. Capital investment needs are

growing: Investment per hour worked, expressed in 1972 dollars,

has risen 2.6% per year in two decades from $8.26 in 1960 to

$13.48 in 1979. The productivity of capital thus appears to be

dwindling, despite the technological innovations of the last
twenty years. Corresponding Japanese data are scarce, but all

indications are that they are laboring under the same con-

straints. The major difference lies in the significantly lower

costs of capital, see Figure 2-15.

This dwindling "margin of maneuver" of labor and capital

portends the onset of an era in which the world's automotive

industry will be faced with severe "dog eat dog" competition
where the volume of sales will hinge upon small advantages, e.g.,

a few percentage points in price, somewhat better financing

terms, marginal improvements in quality. The situation is typi-

cal of highly mature technologies. In this environment, how then

can the U.S. auto industry meet the challenge? And to what

extent does new technology play a role in the strategy?

Role of Technology in Long-term Strategic Outlook

In the early 1900s, when motor cars were few, France had the

largest number of autos per capita. Since then, the U.S. has

grown to lead all other nations both in the absolute number of

registered motor vehicles and in the number of autos per

capita. The U.S. leadership is even more pronounced when con-

sidering that most U.S. autos were, until recently, approximately

twice to four times the size (by weight and engine capacity) of

the average foreign car. However, except for significant

improvements in efficiency, reliability and comfort, the basic

technology of the automobile is not fundamentally different from

eighty years ago.
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Figure 2-14. ProducUvity in Transportation Equipment
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Intuitively, the number of conventional autos in any given

country or market area cannot grow indefinitely, but must be

limited by some kind of saturation effect. Studies conducted in

several developed countries appear to confirm this fact. Thus,

important strategic questions are: How close are we now to

saturation of the conventional auto market? And, how much room

is left to grow for the conventional technology?

where:

An imaginative approach to the question of saturation has

been taken by Cesare Marchetti of the International Institute for

Applied Systems Analysis Laxenberg, Austria. He shows that the

historical trends of passenger motor vehicle registrations in all

developed countries follow a logistic S-curve: A slow initial

development is followed by a sustained increase which eventually

flattens out. Following Marchetti, if the motor vehicle regis-

tration data are fitted to logistic curves of the type:

Nsa t ae -bt
N = -bt

1 + ae

N = number of autos in a given country or region

at time t

Nsat = saturation number of autos

t = time in years

a,b = coefficients peculiar to the country or

region

a surprisingly good fit is observed, especially for the years

following WWII. As an example, Figure 2-16 shows the fit of

computed versus the actual passenger car registrations for the

U.S. and Italy.

Figure 2-17 depicts the Marchetti automobile S-curves for

the principal developed nations. As Marchetti points out, the

exact reasons for the "S curve" behavior are imperfectly known.

In particular, the saturation level appears to be weakly affected

by population size, but to depend on region-specific factors as

yet not fully understood.
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Figure 2-17 shows a trend towards saturation in all

developed countries; while the U.S. appears to be saturating

later, is on a path of ever-diminishing incremental growth.

What do these factors portend as regards the industry's

strategic outlook? Two major points:

The automotive demand in the developed economies

appears to be heading towards a phase of saturation, in

which the total auto market demand will be substan-

tially "flat." In such a market, "new car" sales will

predominantly be replacements for worn out or obsoles-

cent vehicles.

The significant potential expansion that appears to

exist in third world markets is hampered by the poverty

in these regions. Development of these regions

requires investments to exploit local resources to

generate the needed moneys. The risks, largely from

political instabilities, have thus far severely ham-

pered and curtailed such developments.

The "flat" market scenario indicates that the automotive

industry, as presently structured, is neither "sunset" nor "sun-

rise;" rather, that its pattern of growth is substantially sta-

tionary. Significant expansion of the U.S. automotive industry,

short of U.S.-foreign industry mergers, can only be achieved by

displacing foreign manufacturers, both domestically and abroad.

From what has been observed regarding U.S.-Japanese competition,

this would entail significant reductions of cost and/or improve-

ments in quality characteristics. In this connection, several

points stand out:

As observed earlier, the small residual margin cur-

rently available to labor productivity (approximately

7%) indicates that "labor-saving productivity" is not

the smart way to go.
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While automation has been highly touted, it's introduc-

tion costs money. The dwindling productivity of capi-
tal during the last two decades indicates that this

approach, albeit necessary in the near-term to maintain

competitiveness, is not the innovative way to go.

Thus technology, not labor and/or capital productivity,

offers the hope to leapfrog the competition.

What technologies, then, are "coming down the pike" and what

are the prospects that they can bring about a turn-around of the

U.S. automotive industry? These questions are addressed

following.

New Technologies in the Motor Vehicle Industr_

Table 2-15 summarizes the new technologies currently being

developed and planned by the industry• They fall into the fol-

lowing major groupings:

• More efficient conventional propulsion• These are

Internal Combustion Engines (ICE) using conventional

hydrocarbon fuels more efficiently, or using nonconven-

tional, domestically available hydrocarbon fuels such

as gas, pulverized coal, fuels from renewable

resources, e.g., alcohol• These technologies ar_ es-

sentially oriented to reducing operating costs.

. Improved automotive subsystems, e.g., transmission;

bodies with lower aerodynamic friction; internal

energy and operations management subsystems, e.g.,

microprocessors. These technologies are oriented

towards improved quality and somewhat reduced operating

costs•
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TABLE 2-15

NEW MOTOR VEHICLE TECHNOLOGIES

TECHNOLOGY

• DIRECT

STRATIFIED CHARGE

• ADVANCED DIESEL

(ADIABATIC _ COMPOUND)

ICFr--SP_IAL OR MULTI]_]EL

• METHANOL, GAS, COAL

FRODUCTION _W_I_

@ MODULAR CONSTRUCTION

_CAL AND _Vd_A(_

DESCRIPTION PRINCIPAL IMPACT

FUEL INJECTION COMBINED INCREASED PI]EL

WITH _ DISPERSION OF EFFICIENCY

CHARGE

COMBINATION OF INCREASe1) FUEL

DIESEL, _FJRBO-CHARG ING F2FICI_4CY

AND TURBINES

AD'I_IVE ADAPTAION OF

TJRBI_ TECHNOLOGY

INCREASED FUEL

EFFICIENCY

AUTOMOTIVE USE OF MDRE INCREASED _dEL

EFFICIENT STIRLING CYCLE EFPICIENCY

ENGINE

NEW _ CAN _ USED IN

CONVENTIONAL ENGINES

USE OF _DRE

ECONOMIC/AVAILABLE

FUELS

USE OF "INTELLIGENT LOWER COST

ROBOTS" IN MFG.

@ COh'I'INUOUSLY VARIABLE PULLEYS LINKED YO S_ INCREASED I_JEL

TRANSMISSION BKLT--NO GEARS EFPICIENCY

@ NEW MATERIALS STRUCI'JRAL PLASTICS, DECREASED 5_HGY

CERAMICS DE_4AND, IOWH_ COST

@ _,ECTRONICS/COMPUTEHS OPTIMAL MANAG_TS INCHEASED I_

OF CAR FUNCTIONS EFFICIENCY, CON-

VENI_CE

9 HIGH PRESSURE TIRES REDUCED ROLLING DECREASED FUEL

RESISTANCE DEMAND

• DF_glGN METHODS/MAT_RI_LS MORE CRASHWORTHY INCREASe3

FOR CRASHWORTHI NESS AUTOMOBILE SAFETY

PROPULSION

ELECTRIC BATI_Y S_DORAGE

AMD ENGINE

FLY WHEEL _GY STORAGE

CATALYTIC CONVERSION OF

HYDHOC ARBON FilLS

Approximate Era of Significant Dlfhmton

1985 1990 1995 2000

@ EI/ZTRIC

@ INEHTIAL

• _L C_uL--ELECTRIC

• HYBRID COMBINATION OF NEW

PROPUI_ION AND ICE

ELIMINATES

OIL FUEL

ELIMINATES

OIL FUEL

MUCH INCREASED

b_JEL _'FIC I ENCY

INCRFAS_D FUEL

EFFICIENCY
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. Improved methods, techniques, technologies of manufac-

ture. These are oriented primarily towards reduction

of labor costs.

4. Novel types of propulsion. Principal among these:

go
Conversion of the chemical energy of fuels into

electrical energy at much higher efficiencies than

available through ICE. The most representative

device is the fuel cell.

bl Energy storage devices capable of utilizing econ-

omical types of stationary energy to efficiently

deliver mobile energy. Representative devices are

inertia wheels, and electrical storage batteries.

Technology groups I, 2, and 3 are essentially "more of the

same" improvements to conventional technologies. The problem is

that they are well-known to foreign competitors, who are also

striving towards their development. Their introduction would not

avoid an era of "dog eat dog" competition centering around a few

percent price discounts and marginal (even if highly advertised)

quality advantages, that would soon be caught up with by competi-

tion. In contrast, the group 4 technologies offer the possibil-

ity of dramatic breakthrough such as the development of the so_

called "world car." Much discussed, notably in Japanese publica-

tions, salient characteristics of the world car would be low

purchase cost, low operating cost, high reliability, and freedom

from energy "surprises." Should U.S. industry be the first to

develop this product, it would enjoy the immense advantage of the

largest domestic market in the world. This would allow it to

reach competitive status before other nations with more

restricted domestic markets, see Figure 2-17. What new techno-

logical thrust could lead to the world car? Foremost is the

development of practical mobile energy sources. The status and

outlook for these is summarized in the following.
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Mobile Energy Storage Technologies

Because of their high energy-to-weight-ratio, conventional

hydrocarbon fuels are the prime sources of mobile energy. One

kilogram of gasoline or diesel fuel contains approximately 12kWh

of energy. Even at the low thermal efficiencies currently avail-

able from variable-speed, automotive Internal Combustion Engines

(ICE), (average of order 20% over the speed range of 0-60 mph)

this is still better than 2kWh/kg. Alternative energy sources

which are most plentifully available to the U.S. (coal, nuclear)

are not well-suited to mobile use, but to producing stationary

energy. A similar restriction will apply to fusion energy, when-

ever it becomes available.

The U.S. electric utility industry currently produces 2.5

trillion kWh of stationary energy per year. The utilization

factor is about 0.45. Utilization factor is the ratio of energy

actually produced to the energy that could be generated by the

existing plant. The utilization factor is low because the gener-

ating plant is sized to accommodate the peak energy demand, which

lasts only for a fraction of the time. The demand drops at

night, during weekends and other low demand periods. Thus a

"latent" energy of approximately three trillion kWh/year is

potentially available in the U.S. without significant modifica-

tion to the existing plant. This is equivalent to the energy

required to propel 160 million autos over approximately_300km

(180 miles), every day, at 70km/h (40mph). Key to tapping this

potential is the development of low-cost, low-weight storage

devices.

Figure 2-18 shows typical power and energy requirements for

a compact auto. Note that the energy consumed in overcoming

grades can, in an electric vehicle, be largely recovered via

dynamic braking.
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Based on typical system efficiencies (of the order of 50 to

70_), the Figure shows that a 1,000kg (2,2001bs) auto, traveling

at 100km/h (60mph), over a modern highway requires on the order

of 12 to 15 kilowatts of output power from the storage device. A

sustained 5-hour drive, covering 450km (280 miles) would thus

require energy storage of the order of 60 to 75kWh.

To achieve a reasonable mass ratio of storage device to

vehicle weight (about i0%) the energy storage density required is
of order IkWh/kg. This compares with 2kWh/kg for gasoline or

diesel fuel, 0.05 to 0.1kWh/kg for conventional mobile storage

batteries, 0.2kWh/kg for very advanced storage batteries.

Thus, the ability to realize the latent energy potential of

stationary plants rests on development of energy storage only one

order of magnitude beyond current technology.

Volume V, Section E.2, discusses the long-term research

issues involved with development of improved storage devices and

assesses the likelihood of realizing a "leapfrog" advance--with

potential for dramatically changing the prospects of the auto

industry.

E I/ecllsm D_lhw_l
pcw_ I_q_rmne_. KW

3O

I

i
I

i

3% climb

/ +,._

0 10 20 30 40 _0 eO "tO 80 _iK)60 100_ 30 MPH MPH

SPEED KPH

Figure 2-18. Output Power Requirements for a Typical

Compact Auto, l O00kg Loaded Weight
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2.4 SUMMARY OF ANALYSES OF TWENTY SIC SUBSECTORS

We conducted analyses similar to that described above for

the auto industry for 19 other SIC subsectors, comprising approx-

imately 45 subdivisions. Table 2-16 summarizes the results of

the analysis.

As we did in Section 2.3 for SIC 37, Transportation Equip-

ment Subsector, these analyses:

Characterized each subsector and its major subdivisions

in terms of their performance measures;

Assessed their performance vis-a-vis foreign competi-

tion;

• Reviewed technology development programs currently

underway;

Identified requirements and opportunities for innova-

tive technology advances that could induce leapfrog

improvements in output, productivity quality, competi-

tive position.

Integrating the findings shown in Table 2-16 with regard to

the overall posture of U.S. industry, our analysis poi,ts to

several key conclusions:

None of the subsectors investigated is irretrievably

"sunset." For most industry segments, opportunities

exist for improving productivity, quality, competitive-

ness. Some segments of the industry however, can be

expected to dwindle, outmoded by newer developments.

An example is the passenger rail transportation subdi-

vision of the transportation subsector, which has

largely been replaced by the superior characteristics
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of air transportation technology. Still newer technol-

ogies, such as "live presence communications,"--i.e.

the ability to use enhanced communications facilities

for teleconferenclng--may accelerate this process, and

may even impact the demand for passenger transportation

across the board.

@ Several industry segments show significant opportuni-

ties for "sunrise" growth. Examples include voice and

high speed data communications, and the plastics seg-

ment of the chemical and allied subsector.

In the future, the manufacturing sector will be charac-

terized by higher labor productivities. This will

significantly change the character of the sector.

Total manufacturing labor force will dwindle, and its

skill level will rise. The production worker in 2010

will require a semi-professional background, much as

the modern farmer needs to have a far broader under-

standing of agribusiness than he did 20 years ago. A

similar emphasis on professional know-how will apply to

the growing labor force in the service industries.

With regard to industrial technological issues and opportun-

ities, the analysis points to the following:

• The R&D horizons of U.S. industry are limited by the

economic necessity of achieving adequate returns on

investments. In the 20 subsectors we investigated,

advanced technology programs show a time frame of 3 to

I0 years. Almost none extends to 2005-2010.

The technology programs currently being pursued by

industry encompass most of the advanced technologies

foreseeable for 2005-2010. When tested against each

industry's competitive requirements, we encountered

little need to "invent" technologies not foreshadowed
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in one or more current industrial programs. However,
for reasons of cost and pressing need to achieve early

returns on the R&D moneys invested, industrial programs

do not push the identified technologies to their ultl-
mate capabilities.

Thus, none of the approximately 180 technology programs

underway in the 20 industrial subsectors and 45 subdivisions we

reviewed would, in principle, qualify as a long-term technology

initiative, as defined in this study. To identify these initia-

tives, we proceeded in the following manner:

For each of the 180 industrial technology programs

identified, we initially assessed whether the program's

goals, as established by industry, would lead to major

improvements of that industry's productivity and com-

petitiveness. We designated such improvements as "hem-

ibel enhancements," i.e., approximating at least one

half order of magnitude (factor of 3 or better).

As an example of a less than hemibel improvement, the

technology program for improving mechanical subsystems,

currently pursued by the motor vehicle industry, SIC

371--although needed in the near-term to match foreign

competition--does not portend increments in ultimate

automotive performance exceeding 20-30%. _....

We next investigated whether significant improvements

were possible by pushing each of the identified tech-

nology programs to its logical limit. Initially we

assessed whether basic physical laws limit each tech-

nology's ultimate performance.

For example, the automotive industry's technology pro-

gram for improving the efficiency of internal combus-

tion engines is ultimately limited by Carnot cycle
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constraints to approximately twice the current perform-
ance, placing this particular technology program on the

threshold, but not quite within, a hemibel improvement.

We identified as leapfrog candidates those technologies

whose ultimate physical limitations exceeded the hemi-

bel criterion. For each, we investigated: i) the

basic needs of the program, i.e., what underlying tech-

nological advances would most contribute to the pro-

gram's success: and 2) whether the technology program's

fruition could reasonably be expected to occur by 2005-

2010.

For example, the automotive industry's technology program on

new types of propulsion could not be expected to lead to hemibel

improvements using conventional hydrocarbon fuels, because their

energy content is constrained by an upper limit. Potential

alternative technologies include portable fusion and mobile

energy storage. We Judge that attainment of the former lies

beyond the 2005-2010 time frame. As regards the latter, we found

that the single major requirement is the achievement of energy

storage media capable of energy densities of order ikWh/kg.

Since the previous step of our analysis--limitations by laws of

nature--had indicated that the ultimate physical limit lies above

6kWh/kg, and because the impediments to attainment of this tech-

nology appear to be primarily of an engineering (rather than of a

basic nature), we selected mobile energy storage as candidate for

one of the leapfrog technology thrusts.

Table 2-17 summarizes our analysis.

2.5 PERVASIVE TECHNOLOGIES

We found that the R&D thrusts of the industries surveyed are

not as disparate as they seem to appear in Table 2-16. In fact,

we were able to identify several "pervasive" technologies that
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TABLE 2-17

ASS_ OF UNDERLYING CORE TECHNOLOGICAL _S

SU_ECTON _JBDMSION

MACHINERY EXCEFP MACHI_ TOCL

EI_ICAL (SIC 35) INDUSTRY (SIC 354)

COM_INO MACHINERy

INDUSTRY (SIC 357)

_GINES A_) _'UR-

BINES INDUSTRY

(sic 351)

TRANSPORTATION MOTOR V_CI_

EQUIP_2_ (SIC 37) _D E_UIP_m2_
(sic 371)

AIRCRAFr AND PARTS

(SiC 372)

ELECI3RICAL MACHINerY CO_@_I/NICATION

AND coM_o_ea_ _Ulm_NT (sic 366)

_'I'_3NICCOM-

P_ACCES-

_RIES (SIC 367)

FOOD AND KINDRED FOOD AND KINDRED

PRODUCTS (SIC 20) PRODUCTS (SIC 20)

LEGE_) - NO

'-_ APPUC_

ASS_

CRITFaIA

INI_ H£MIBEL AS H_BEL

TI_Y B_OOE_ APPROAC_ _IBLE?

NUMm_IC_,L O0_n_OL (NO)

COMPUTm_IZ_) NC (CNC)

_-AID_) DESIGN (CAD) - @

_-AID_) MANUFACTORE (CAM) - e

_-AIDED ENGINeerING (CAE)
_LEXIBLE MANUFA_ SYS_ (FMS) - O
ADAPHVE MACHINE TOOL CO_P_OLS (AMrC)

_AL _MOVAL _C_NODOGIES

A[Y#.'_._,_31_}_,_ - O

VE_, FIP_INE, AND P_%kSLEL - !

pROCESSIN_
CONTROL AND I_TA _ _(ECL'nON - O

OAKS AID _ CIRCUITS - e

CRYBOG_qIC BOSKPHSON JUNCTIONS - e

VI_I, VHSIC, _ _ SCALE CIRCUITS - O
INTBC_RA'I"_D __ - O

COMPUTATIONAL FLUID DYNAMICS - -

ADVANCe) MAT_IAI_. - O

MANUFACTURING SYS'Iq_S - @

IMPROVED _'ICI']_CY CONV_'HONAL

_GI_S (ICE)

SPECIAL MULTI_ (ICE)

IMPROVI_) _CHANICAL SUBSY_

MANUFACTt._INO q_X._I_OES @

(_, f_0_OTIC.S)
PROPULSION TYPES -

-

(_3MP_A'rIONAL A_ICS

_AMINAR F10W CO_ TECHNOLOGY

MA_ TI_Y - O

N_ PROPI_ION TECHNO_Y - O
- $

IMPROVED AVIONICS AND CONX_

_C SWIR_gHIN_ SY_ (ESS) - O

TRANSMISSION INNOVATIONS - O

SATELLITE COMMUNICATIONS - @
DIGITAL TRANSMISSION - -

CC_ APPLICATION - O

O(_-[ESIGNED _MICONDUCTORS - @

AUTOMATED ASS_LY LINES O

_UMERICALLY CON_RO_O (NC) MACHINE - -

_00LS
_JECROST_ SIZE OF ,E_wLI- O

CONDUCTORS

COMPt_--(X)_ILED PROCESSING

F_AL Ol_ CHOLF_, SALT, FATS

IONIZING RADIATION PRES_ATION

SYNDIC SWEE_

FIAVORED COLLAGDLS

ARTIFICIAL FOOD

KEY

TECHNOLOGICAL FRUITION

I_ BY 2010

AI

AI, PK_ I_t_I'TION O

AI, PAfl'rlg_ NBCOGNrrloN O

A_AN_ED _A_q_NIAI_, oJ_rC_ •

AI •

AI •

ADVANCe) _ •

ADV'_'_qCI_)!,_,_ O
,'_DVAI4C_} _ •
ADVANC_E_)_ •

_ANCI_D _ -- O

AI, P/_'I_ BBCOt_RTION

_C_ILE E_G_ STORAD_ •
_ION

ADVANCED

_AT_IALS

PON_AB_E f_ION

_K]alLE _'T STORAGE

AI •

AI •

AI •

AI, P_TI_M HI_OG_IIYION $

ADVANCED _ •

• AI •
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TABLE 2-17 (CONTINUED)
ASS_ OF UNDERLYING CORE _HNOLOGICAL ELEMENTS

SUBSECTOR

F&BRI CN_) _-_£ALS
(SIC 34)

SUBDIVISION

FABRICATe) STRUCT-

URAL HETALS IN-

DUST_ (SIC 34_i)

STEEL I_DUSI_Y

(SIC 331)

PLASTIC MAT_LIALS

AND _IC3

(SIC 282)

PRIMARY METALS

(SIC 33)

CFQ_MICALS A_} ALLIED

PRODUCTS (SIC 28)

INDUSTRY
TECHNOLOGY PROGRAM

BEAMLINE TECHNOLOGY

S_-AD'rOMAT_ WELDING

CNG PLATECUTrIN0

OPTICAL _RACE CONTROL PLATECUXTING

COLD CD'ITING SAW

CONTI NLK)US CASTING

ELECTRIC-ARC FURNACE

ODNTROLS

VACUUM DB_ASSING

ADVANCED BASIC OXYG_ PROCESS (Q-BOP)

L.P. CATALYTIC POL_ZATIGN

INT_L_ZI_ATING POLYMER _=IWC)RKS

LIQ_TID CRYSTAL POLYMerS

INTRINSICALLY CONDOCTIVE POLY_

DRUGS (SIC 283) DELAY SY_

ENZYMATIC RFACTOR_

IMMOBILIZED _ZY]_S

BIOf_OCESS SEPARATION

BIOPR_CESS S'E2_LSORS/_

I_q)USTRIAL ORGANIC C10_ISTRY

CHEMICALS (SIC 286) ZEOLI"PE CATALYSTS

_ZY_S

SEPARATION

AGRICL_TLRAL HIGH _W_ICI_L'Y AMMOI_IA PROCESS

C}_MICALS (SIC 287) BIOPESTICIDES

8IOF_RTILI ZATION

ALLELOPATHY (BI0_ICIDES)
COAL GASIFICATION

PETROL_ f_FINING PETROL_ REFINING CO_ CO_LL_ REFINING

AP_ RELATe3 INDUS- (SIC 291) CATALYST

TRIES (SIC 29) E_GY _ATION METHODS

_IVE MAINT_ANC_ T_CHNOLOGY

H_;LTI_J_ CAPACITY PLANTS

PRINTING ARD f_RSPAP_ PUBLISH- _CTRONIC COMPOSITION: TYPES_I'P!NG

PUBLISHING (SIC 27) ING AND PRINTING _, V[T_s, PHOTO TYPESETrING,
(SIC 271) DATA _SSION

SCANN_CAL AND _ECPRONIC

WEB-OFFSET pRINTING

BI_ING GeE_ATIONS
NEWSPAP_ MAIIBOC_

_IAL PRINTING PREPRESS: WIDESPREAD U3E OF COLOR

(SlC 275) PRINTING

PRINTING: CLOSED I.DOP PRINTING, MULTI-
PLANT PRINTING VIA _ATEILITE

OOMMUNICATION

ASS_LY: ELECTRONIC SENSING

PAP_ A_ ALLIED CONV_ PAPiSt AND DEVELOPMENT OF REPtK2ABLE TAPE

PRODUCTS (SIC 26) PAP_RBOARD PRODUCTS AUTOMAT_D TAPE AND IAB£L APPLICATION

(SIC 264) COMPUTERIZED LAF_L IMPRINTING EQOlPM_qI'

LBSD4D - NO

_ _c_

CRIT_A

KEY

H_B_ AS H_MIB_ TECHNOLOGICAL FRUITION

APPROACHED ? FEASIBLE ? EI_ BY 2010

- • _ •

- O C[X_"L_OI__ •

- O MI_ICAL q_CIRCE_G_ --

- • BI_ 0

- • BI_ •

- • BI_ •

- • BIOI_C_X]G_ •

- • AI 0

- • AI, _ F_ON •

- • AI, _ RI_O(_TI'IXC_I •

- O AI, PA_TI_N RBC_GNITION, O

- O AI, _ F_ON •
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TABLE 2--17 (OONTINUED)
ASSESSMENT OF UNDERLYING 0ORE TEOHNOLOGICAL ELI_S

SUB,SECTOR SUBDIVISION

PAPI_RBOAHD OQNTAIN-

E_S AI_) EOXES

(SIC 265)

PUll', PAP_,
BO_'_ KUJ..S (SICS

261,262,263,266)

PHOIX3GP&P_C

EX_JIPMt_ A_D
SUP_ (SIC 386)

IN_i'RtJ_i_ AND

RELATED PRODUOI'S

(SiC 38)

S'I_, GLASS, AND

CLAY (SIC 32)

SURGICAL, M_)ICAL,
AIQ) C_'rAL I_LTrRU-

MENDS (SIC 384)

OPTICAL

(sic 383)

CONO_ P_,
A_D PJT.ADYMIX CON-

CRETE (SICS 3271,

3272, 3273)

ADVANCED CERAMICS

AND MISC_LA-

NH]US PRODUCTS

(SIC 30)

MISCEILANEOOS
PLASTICS F_OE_CTS

(sic 3o7)

LEGI_ - NO

" F9 APFuc_z

cRITERIA

KEY
INDU_ HI_MIB_ AS H_BEL _L_ICAD

%_C_Y PROGRAM APPROACHI_)? I_IBL_ I_

IMPI_ PRIRI'I_ H_0CE._,_S - - --

RADIATION I_ CURING

IMPROVe) [_JIPM_ P_]N CFI_ING A_) - --
CRFASING

& LAS_ _ 11) PREPARE DIES @ AI

Ab'B3MA_IC S'I3_IPPING OP WASTE - --
E_OINOLOGY _D GLUE CAR_0NS

I_ROVI_ P_CKI_3 _ - --

_-IANIZATION OP MATERIALS HANDLING

IMPROVED PULPINS TECHNODOGY - --

COMPUI_ COMIROL AND INSTRUmeNTATION • .%1, _ NI_O(]I_'ION
POLLUTION CONTROL TECHNO_

E_CTNONIC STILL CA_RA

ELEETRONIC IMAGING

0OLOR FILM PRINT_

II_( JET PRINTERS

CreATIVE _Y @ _)ICAL

MAT_ALS PROSI_IS • AI_AN_ MATI_ALS, AZ

LASI_RS AND OPTIC FIBERS - • P#d'I_ F_ON, AI
NONINVASIVE DIAGNOSTICS O M_ICAL

MAT_EIAL HAmX,Im EX_JIP_2_
IMPrOVe) CASTINO

A_Z_MATIC BATCH_R3

E._CTRONIC APFLICATI(RS

_AT EMGII_ APE_ICATI(_S

CLTFFING _ APPLICATIONS

WEAR PARTS APPLICATIONS

RESIN _ MDLDING

TdIN _ _(_RUSION _ CO_IN_

REACTION INJECTION MDLDING (RIM)

MDLDING _ (SMC)

PU&TRU_ION

- 0 ADVANICI_) MATERIALS
- • A,B_A.NCI_) _

• ADVANCED
• ADW_NC;_) _

- • A_A_ MA_, B_O-

I]_C_, 0[_ NDLTI-

• ADVJ_',ICI_) MA_, BIO-
_3_K][_/_, (X]&'K_ M_uTI-

• .ADVANCI_) MAT_RIAL_, SlO-

0 ADW_qCI_) _, 1310-
_IKX_]&_, CUSTC_ M[_TI-

0 ADVANC_) WAT_L_[._, BIO-

_, 00ST01q _-

O _J)'l_ MATI_JAL3, HIO-

_, CU_3T'C]I4IgJL'rI-

_UITION

BY 2010

O

o
0
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TABLE 2-17 (CONTINUED)
ASSEaSMEH_ OF UNZERLY_ C0_E TECHNOLOGICAL _S

SUSSEC'_DR SUBDIVISION

WHOLESALE A_) BETAIL

TRADE (SICS 5O-59)

GSOC_KIES AND KE-

LAT_D B_XETS

(SIC 514)

HOOD S'E)RES

(SiC 5_)

GO_ AND I_I}CATION

PRISES (SICS 90-97)

FINANCE, INSURANCE CO_IAL AND

AND _ ESTATE STOCK SAVINGS BANKS

TRANSFG_TATIC_ LINE HAUL OPERATI_

S_qCES (SICS 41, PalU_0ADS (SiC _01)

(SiC 42)

AIR _RANS HRTATION

(SIC _5)

WATER TRANSPOB-
TATION

L_ - NO

'-;_ _c_

INIXLgTRY

TECHNOLOGY P_OOP_M

AND _ COEXTRUSION AND LAMI-

NATION

I_ION BLOW-MOLDING AND COEXTRUSION
MDLDING

COOING C_ INV_

OO_ZATION

AUTOMAT_ WAR--SING

CC_ZED CASH REGISTERS

MICROFILMING

A_s A_D EFrs

VIDEODISCS AND CATV

ARTIFICIAL _IGI_CE

I_DUCATION _ATIONS, DISPLAYS
C0_CATIONS

_AVI OR MODIFICATION

,_:_0PHYS IOLOGY

IN-HO_ INFO_TION

_C FUNDS 'I'RANSH_

I_EIO_ C_R _

PIGGYBACK/UNIT TI_
AUTOMATI0 (_ASSIFICATION YARDS

C_TRASIZ_ TRAFfiC CONTSS&

SIG_LIN_ AND CKR_J]_ICATIONS
MAI_I_ANCE C_ WAY I]@_(_ATIG_S

G_T_ TRAIL_ CAPACITY

DIES_. FOW_ _WGI_

LIGh'l_ _RICK BODY A_ TIRES
O_ APF_CATI_

MORE _FICI_T _ A_) _GINES
NAVIGATIONAL ADVANCES

SIRVEII/ANCE A_) COLLISI(]N CONTROL

DEVELOP_TS

_?_NIS IN _%AFFIC MOW

AUTOmATeD AIRPORT T2_INALS

CARGO CONTAIN_ZATIGN
INCHED CARGO CAPACITY

C_%LIZ_ I_GINE C(_IRC_S

BOW T_USTS

IMPR(_D MARINE COATINGS

VE_S_ TRAFFIC MANAGI_T SY_

P_ MDNl_NG S_S_

GLOBAL POSITIONING SYS_

C_I_I_PdA

HEMIB2L AS H_B_Z
APPROACH_ FEASI_?

O

O

- O

- •
- •
- •

- •
- ql

- O

O

O

KEY

TECHNOLOGICAL FRUITION
BY 2010

ADVAI_ I_, BIO- O

I'BOPg_TY _

ADVA_ I_, BIO- •

AI @

AI, P_ I_CXX_IF_(M O

CATION, Al, _ NF,-
COGNITION

_ F_:K _d_l- •

CATION

_)ICAL _ •

_ICAL _ •

CATION, AI

AI. PA_I_ I_C_GI'_'TION •
AI, PA_I_ I_C_(_Z'I(_ O

AI •

AI, PATI]_ N{_CI_ON •
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TABLE 2-17 (OONTIN_)
ASS_ OF UNDERLYING COEE TECHNOLOGICAL _S

SUBSFL'I'OR

(X)MMUNICATION

ASS_

CRITERIA

KEY

INDUSTRY H_MIB_L AS D094IB_u _LOGICAL FRUITION

SUBDMSION T_CH_O[/3GY }_OGRAM AP.,PROACD0_)9 FEASIBLE? EL_K_WTS BY 2010

TELEPHONE _- SATI_LITE COMMUNICATIONS - O _ GRD _ $

CATION (SIC 481) FIB_ OPTICS - O LIVE FRES_E _- @

CATIONS
MDBILE TELEPHONE - g _ Cg_lO_ O

I_ECI'RONIC SWI'I_HIN0 SYST_ - • AI O

RESID_IAL OON- (X)MPtrI'E_-AIDED[ESIGN (CAD) - @ AI •

STRUCTION COM_-AII)_) MANUFAOI_E (CAM) - @ AI, I_ I_OS 0

MATI_RIALS - O ADV_ MATI_FLIALS O

NONKESID_AL COMPt_-AID_ I_IGN (CAD) - • /LI O

CON_ION C_-AII_ MANUFACTt_ (CAM) - 0 AI, _ I_ON •

MATERIALS - O ADVAN_ MAT_ g

PETROLEUM KX- TERTIARY _ OF OIL EXTRACTION ....
IRACTION (SiC 13) OIL I_gODL_I'ION FROM ALTERNATIVE SOORCES ....

AL_ATI'VE _ aR NATURAL GAS - -
EXTRACTION

COAL MINING IMPROVI_91T3 IN SURFACE MINING ....

(SIC ii, 12) LON_ALL MINING SYST_ ....

CONTINUOUS MI_RS & SUPPLY PIPELINES ....

_ C1_'_ - • _ O
_'?1_%_ - O LIVE _ CO_40NIC.A- O

CONSTRUCFION

(SIC 15,16,17)

MININO (SIC,S i0,

ii,12,13,1_)

LE_I_D - NO

'--_ APPUCA_U_
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underlie many of the 180 technology programs underway in the 20

subsectors we reviewed. A "pervasive" technology is one that

benefits a broad class of industry applications. R&D in these

technologies would have particularly high payoff and represent
the thrusts NASA should consider as candidates for an innovative

industrlal-orlented technology program.

These are, however, not the only technologies which the
economy requires. A broader set of needs, not apparent from

review of the technology programs being pursued by industry,
derives from consideration of the constraints which affect indus-

try and the entire economy. As indicated in Table 2-18, we

assessed the major constraints which are potentially addressable
by technology as:

The long times needed for training and retraining ele-

ments of the U.S. workforce to provide adequate levels
of skill.

The dearth of professional technical personnel, due in

part to the long and expensive educational require-
ments.

The consumption of time and resources to physically
move people, to and from work, school, business meet-

ings, stores ....

These constraints are currently taken for granted, thus

techniques and technologies for their alleviation are not

directly addressed in the roster of technology programs. Their

correction, even though only partial, would nevertheless induce a

major enhancement of U.S. productivity. For example, the Bureau

of Labor Statistics forecasts that by the turn of this century,

3% of the U.S. workforce will appear to be unemployed, not from

lack of occupation, but rather because the accelerating pace of

technology will require extensive and continuing retraining.
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TABLE 2-18

TECHNOLOGIES ADDRESSING DOMINANT INDUSTRY CONSTRAINTS

SUESECTCR

MACHINERy EXCEPT

ELECTRICAL (SIC 35)

DOMINANT CAN TECHNOLOGY UNI_LYING CORE
SUBDIVISION CONSTRAINTS SOLVE? TECHNOLOGY

ENGINES AND TURBINES FISOAL/MONETARy POLICY --
(SIC 351) LIMITED MARKL_/_ _-

RECULATORY I_VIBON[_

LIMITI_) CAPITAL FOR UTILITIES

METALWORKING MACHINERY GOVERN_ INT_AGTION
AND E_OUIPI_2TT (SIC 354) GOVE_NF_NT REGULATION __

OWNERSHIP STRUCII_E

WORKER AGE --
AVAILABILITY OF YOUNGER WORKERS

TRAINING P_RIOD FOR SKILLS) OPERATORS 0 A_--E_ LF_
AVERAGE QUALITY OF MANAGI'_ENT

QUALITY OF ERGIN_ING O ACCEIJ_A_I_

AVAILABILITY OF E_GINE_ING TALENT 0 ACC_TED LEARNING
FISCAL/M3NETARY POLICY

AVAILABILITY OF INVEST_ CAPITAL

MARKET DI_iAND PATTENS __

OFFICE, COMPUTING AND FEDERAL CLEAN AIR A_ WATER ACT __

ACCOUNTING EQUIPMENT U.S. I_X)NOMIC STRI_TH
(SIC 357) CONTINUED TI_ICATIONS DERECULATION

CHEAP FOREIGN LABOR 0 ROBOTICS, AI, PATI_

RB3OGNITION
HORIZONTAL CORPORATE STRUCTURE - __

MOTOR VEHICLES GOVERN_ RB_JLATIONS

(SIC 371) FUEL PRICES 0 MDBILE E_ STORN3E
LABOR R_ATIONS _ __

F_AR¥ POLICY - _

AIRCRAFT AND PARTS GOV_RN_ INT_ACTION _ __

(SIC 372) GOFERN_RT REGUlaTION _ __

OWNERSHIP STRUCII_ E _ __
QUALITY OF MANAGD_NT

QUALITY OF I'_INEERING • ACCI_ LEARNING

AVAILABILITY OF BNGINI'_ING • N:C_TI_ LEARNING
AVAILABILITY OF I_ CAPITAL - __

MARKET I)_ PATI_N _ __

COMMUNICATION OOV_N[_ INT_ACTION _ __

EQUIP_ (SIC 366) GOVERNFENT R_TION _ __

(SIC 366) OWNERSHIP STRUCIURE _ -_
FISCAL/MDNETARY POLICY __

I_NIC COMPONENTS RESF..ARCRAND DEVELOI:'P._3_ - __
INDUSTRY (SIC 367) AVAILABILITY OF INVES_ CAPITAL

AVAILABILITY OF _GINEERS ' A_-'I'_ LEARNING
AVAILABILITY OF _I_ WOR_ • A_CC_TI_) L_
FISCALA_ARY POLICY __

DE_ PAI"I_ N __

FOOD AND KINDRED AGRICULTURE • BIOTI_
PRODUCTS (SIC 20) COV_NMI_ RI'_UIATION

TRANSPORTATION COSTS • MOBILE _ STORN3E,
BIO_

FISCAL/MONETARY POLICY

TRANSPORTATION

I_QUIPMENT (SIC 37)

f'_ICAL AND

I_NIC MACHINERy

(SIC 36)

FOOD AND KINDRED

PRODUCTS (SIC 2O)

LEGEND - NO

% YES

-- NOT APPLICABLE
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TABLE 2-18 (CONTINUED)

TECHNOLOGIES ADDRESSING DOMINANT INDUSTRY CONSTRAINTS

SUBSECTOR

FABRICATED METAL
PRODUCTS (SIC 34)

PRIMARY F_-TALS

(SIC 33)

CHEMICALS AND ALLIED

PRODUCTS (SIC 28)

P£L_OLEUM REFINING AND
RElaTED INDUSTRI_

(sic 29)

PRINTING AND

PUBLISHING (SIC 27)

PAPER AND ALLIED

PRODUCTS (SIC 26)

DOMINANT CAN TECHNOLOGY UND_LYING CORE
SUBDIVISION CONSTRAINTS SOLVE? TECHNOLOGy

FABRICATED STRUCTURAL GOV_Nr_9_T REGULATION - --
METAL (SIC 3441) LACK OF INNOVATION - --

LABOR RI_TIONS

TRAINING PERIOD FOB SEMI-SKILLI_) O AO_T_ LF_
OPI_ATORS

CUSTCMIZI_) (BATCH) PRODUCTS I AI, PAT_ P_TIO_
FISCAL/MDNETARY POLICY

AVAILABILITY OF INVE_ CAPITAL - --

MARKET D_ PATTERN

$1_ INDUSTRY GOVERNMENT REGULATIONS - --

(SIC 331) LABOR RELATIONS --
FISCAL/MONETARY POLICY - --

UTILITY (WATI_) COST

PLASTIC MATERIALS HAW MAT_IALS COSTS O ADVANC_ MATE_

AND SYNTHETICS EFFICIENCY OF PROCESS INNOVATIONS @ I_CS, AI, PATT_
K_UCK_YrION

N_ MATI_IALS DEVELOP_ COSTS | ADVAMI_ MATERIALS

DRUGS (SIC 283) GOVERNMENT REGULATIONS
FUEL AND MATERIAL COSTS t ADVA/IC_) MAT_IAI_

PRODUCTION ESTABLIS_ REQUIRES @ ACC_XJ_ATED LEARNING
HIGHLY _(IL_ EMPLOYEES

FISCAL/MOk-g_ARY POLICY --
CAPITAL INTENSIVE --

INDUSTRIAL ORGANIC GOVERNMENT REGULATIONS - -
CH_41CALS (SIC 286) FUEL AND _ COSTS @ AI)V_-MAT_IALS

LABOR STRUC'I'u'RE (_}_LOYPI_r_

DECLINING)

FISCAL/M3NETERY POLICY : .=
CAPITAL INTD_IVE

AG_ ICDLTURAL OOVEI_ RI_ULATIONS - --
C_CALS (SIC 287) FUEL AND FE_b_0CK COSTS • ADVANCED MATI_IAL_

LABOR STR_E (I_%_NT DECLINING)

AGED PLANTS A_ EQ_IP_ - --

FI_CAL_ARY POLICY
CAPITAL INTENSIVE --

PETROLEUM REFINING GO_NMENT RI_ULATIONS --

(SiC 291 ) LAIK_ RELATIONS --

FI_CA/_A_Y POLICY

N_APER PUBLISHING DISTRIBUTION FUNCTIONS --

AND PRINTING (SIC 271) _ R_ATI(_

MAT_IAL LIMITATIONS @ _D_A_ MAI"_IAL_

COI_CIAL PRINTING MAT_IAL SHORTAGES @ ADVANCED M_I"_

(SIC 275) LACK OF SI(ILL_ WORK_ • AI_ANC_) M_T_

INDOSTRY PRAC_TTATION

MISC_/AN_DUS CONVERTED GOVERNMENT R_GULATIONS -

PAP_ PRODUCTS (SIC 264) _ COSTS • AD_ANC_ MATI_IA_
CAPITAL I_ (HIGH) - --

PAPULe, EXCEPT GOVI'_I',I',_:ICI' REGULATIONS - --
BUILDING PAPER FUEL COSTS @ ADVANC_ _ATERIAL_

(SIC 262) CAPITAL INVESTMENT (HIGH) - --

PAPERRGARD CONTAINERS GOVE_NF_IT REGULATIONS

AND BOXES (SiC 265) FUEL COSTS • AI)VANC_ M_TI_IALS
CAPITAL INVF_ (HIGH) - --

LEG_D - NO

• yES

NOT APPLICABLE
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TABLE2-18 (CONTINUED)

TECHNOLOGIES ADDRESSING DOMINANT INDUSTRY CONSTRAINTS

SUBSECTOR

RELATED PRODUCTS
(SlC 38)

SUBDIVISION

OPITCAL INSTRUM_qTS

AND LENSES (SIC 383)

SURGICAL, F_DICAL, AND
D_IT AL INSTRtt_NTS

(sic 384)

PHOTOGRAPHIC EQUIP_

AND SUPPLIES (SIC 386)

CONCRETE AND O_CRETE

pRODUCtS INDUSTRIES

(sics 3271, 3272, 32?3)

ADVANCED CERAMICS

STONE, GLASS, AND
CLAY (SiC 32)

DOMINANT

CONSTRAINTS

MONETARY POLICY

SHORTAGES OF SCIENTISTS/ENGINE_
PAT_ F_

LACK OF INI_Y STANDARD

GOV_NM_ R_ULATIONS

MONETARY POLIC_
FRICE STABILIZATION PRESSURES

FISCAL/M_ARY POLICY

CYCLICAL MARKET D_

IN_ RISK

LACK OF _TICAL INTEGRATION IN
CORP_ATE ST_

HIGhlY _ OWNERSHIP

LACK OF INNOVATION
FISCAL/MDNETARY POLICY

LOW AVAILABILITY OF IN_ CAPITAL

CYCLICAL MARKET D_

LACK OF _NGINE_RS

I_ICIEI(I R&D
LACK OF INDUSTRY STANDARDS

CATJkSTROPHIC FAILURE ['ROBL_M

COST OF MATERIALSRUBBER AND M/S- MISCELLANI_U$ PLASTICS

CELL_ PRODUCTS PRODUCTS (SIC 307)
(SIC 30)

WHOLESALE AND RETAIL GROC_IES AND RELATI_) I_ LIABILITY

'mADE (SICS 50-59) PPOD_'TS (SlC 5_) B_UF_ R_'ORH
MULTII_LO¥1_R PIS_SION ACT

FOOD STORES (SiC 54) SLOW POPIKATION GROWTH
FOOD PRICES

CASB LOSSES DUE TO -CHECK-FLOAT"

C_3VER_ AND EDUCATIO_ _ FOR _RKFORCE TO RETRAIN MORE

GOVERNMENT _TE_FRISES OFT_ DOE TO TECHNOLOGICAL

(SICS 90-97) DE_P_
SCHOOL CLOSINGS DUE TO DROP IN BIRTH

RATES

LOW QUALITY INCOMING TEACH_
DUE TO LOW SALARIES AND A LACK OF

PRESTIGE

AGING OF TEACHING POPULATION

FINANCE, INSUR_I_CE, CQMHERCIAL AND STOCK GOV_NP_NT R_ULATIONS
£ND REAL ESTATE SAVINGS BANKS INCREASED COMPETITION FROM

(SICS 60-67) INDUSTRIES
FISCAL/MONETARY POLICY

SAVINGS AND LOAN GOV_N_ R_ULATIONS

AS_IATIONS INGREAS_ CO_ETITION FROM OTH_
I_©U.ST_I ES

FISCAL/ MC)_AR_ POLICY

LEGEND NO

O y_S

-- NOT AP_C_

CAN TECHNOLOGY
SOLVE?

UND_LYING CORE

T_LOGY

AD_ M_T£_IAL5

ADVANCe) M_T_IA_

BI_

AO_I_..,EI_ATED LEAENING
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TABLE 2-18 (CONTINUED)

TECHNOLOGIES ADDRESSING DOMINANT INDUSTRY CONSTRAINTS

SUBSECTOR

TRANSPORATION SERVICES

(SICS 41,42,44,45,46,47)

DOMINANT CAN TECHNOLOGY

SUBDIVISION CONSTRAINTS SOLVE?

RAILROAD TRANSPORTA- LABOR INTD_SIVE INDUSTRY

TION (SIC 4011) CAPITAL INTENSIVE INDUSTRY -

GOVERN_ REGULATION

TRUCKING (SIC 421) FU_ COSTS |

LABOR INTENSIVE INDUSTRY

GOVERN_ REGULATION

AIR TRANSPORTATION GOVEBNM_ REGULATION

(SIC 451) FU_ COSTS @

CAPITAL INTENSIVE INDUSTRY

WATER TRANSPORTATION CAPITAL INTENSIVE INDUSTRY

(SIC 44) SLOW MARKET GROWTH

TELEPHONE COMMUNICATIONS GOVERNN_NT REGULATION

(SIC 481) AVAILABILITY OF _ILLE_) WORKERS Q

RESIDENTIAL BUILDING HIGH INTEREST RATES

CONSTRUCTION HIGH UN_Y_

SLOW GROWTH IN DISPOSABLE

PERSONAL INCOPE

NONRESIDENTIAL HIGH INT_EST RATES

BUILDING CONSTRUCTION HIGH UNE_Y_

SLOW MARKET GROW_

CRUDE OIL AND O06"T OF EXPLORATION @
NATURAL GAS INDUSTRY

(SIC 131)

COMMUNICATION SERVICES

(SIC 48)

OONSTBUCTION

(SICS 15,16,17)

MINING (SIC.S 10-14)

DWINDLING RESERVES

COAL MINING SAFETY FACTORS @

(SICS 11,12)

LEGEND NO

e Y_

-- NOT APPLICABLE

GOVERNMENT REGULATION

TRANSPORTATION COSTS $

UNDERLYING CORE

TECHNOLOGY

MOBILE _ SI_PJ_E

M[_ILE _ STORAGE

_T_) LEARNING

LIVE _ COMMUNICATI(_,

PA'I_ I_NITION,

Ski

LIVE _ O3MMUNI-

CATION, PA_'_

RFIg(IG,NITION, AI

MOSH_E F_GY SI_GE

2-78



Technologies to alleviate those constraints which are tech-

nologically addressable are "pervasive" by their very nature. We

assessed their probable time span of future fruition, and

included in our technology thrusts those which appeared capable

of being achieved by 2005-2010.

Consolidating these with the long-term requirements of the

20 industrial subsectors that we examined, we identified nine

pervasive technologies. Described in detail in Volume V, Sec-

tions E.I through E.10, these are synopsized below•

• Hyperstrength Naterlals--with strength-to-weight ratios

not heretofore available, or that provide economical

substitutes for available materials. Example are high-

strength plastics such as Kevlar, replacing metals.

• Custom Multi-Property Nmterials--having characteristics

tailored to fit specific applications. Example are

engine blocks requiring no machining and exhibiting

hardness and heat resistance in the cylinder zone and

resilience in the mounting area.

• Mobile Energy Storage Devlces--such as high energy

density batteries for transportation. Such devices

would allow stationary energy sources, plentiful in the

U.S., to be exploited in mobile applications such as

electric cars• These devices would also support impor-

tant needs of Electrical Machinery and Components (SIC

36), and Instruments and Related Products (SIC 38).

• Live Presence Communlcations--the ability to intercom-

municate in such a way as to obviate the need for phys-

ical presence, thereby reducing the need for personal

travel. Current teleconferencing technology is a prim-

itive example. Communications technology does not

appear to be a limitation in achieving more realistic

2-79



interfacing; what requires research is the deeper

understanding of the mechanism of interpersonal infor-

mation transfer.

• Information Rationalization--vastly improved techniques

for extracting cogent information from the growing

number of databases. The value of current databases is

limited by the mismatch between what they contain and

what the user actually needs• As an example, consider

the question: "Which machine tool represents the best

solution to a new milling requirement?" Advances in

computer storage technology make it practical to store

on-line all relevant data on milling equipment and

processes found in brochures, catalogs, books, and

reports. Memory alone, however, will not provide the

"answer" the user seeks• What are needed are inter-

active techniques that will "rationalize" the available

information, i.e., "prompt" the user to refine the

question to the point where the information handling

system can exploit, sift, integrate all the information

on milling at its disposal and provide a specific solu-

tion with supporting rationale• Currently, such

inquiries are handled heuristically, and require exten-

sive human interaction and time. The object of

improved "information rationalization" techniques is to

provide optimized answers rapidly• This capability

will enhance industrial productivity across the board.

• Accelerated Learnlng--advanced techniques for acquiring

new skills and enhancing basic education processes.

Training is becoming increasingly important throughout

our economy. The slow pace of human learning retards

productivity. Typically, a skilled metalworking

machinist requires 8,000 hours of training; a photoin-

terpreter, 9000; a computer programmer, from 1,000 to

4,000 hours--during which time full productivity is not
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achieved. By 2000, the Bureau of Labor Statistics
estimates that as much as 3% of the U.S. workforce will

be continuously engaged in new learning or

retraining. Experimental work in teaching foreign
languages and specialized skills points to the poten-

tial for significant acceleration of the skill training
process, with consequent improvement of productivity.

Accelerated learning technology may also be applicable

to basic learning processes, with attendant long-term

impact on the country's basic educational system.

. Artificial Reaaonl_--technologies for achieving elec-

tronic and/or biotechnical systems capable of perform-

ing many of the higher-level functions of the human

brain, commonly referred to as the reasoning pro-

cesses. Achievement of these technologies would repre-

sent the culmination of that body of ongoing research

known as "artificial intelligence." They go far beyond

the technologies of robotics as we now know them, by

embodying elements of adaptiveness and machine learning

which as yet we do not know how to incorporate into our

computing hardware and software•

The impact of these technologies upon industrial pro-

ductivity would be highly significant: Their achieve-

ment, even to a relatively limited extent, would essen-

tially recreate the ancient "slave" economy, without

any of its negative implications•

• Blotealm_olo_--advanced techniques for the "customized"

generation of biological systems. Economic applica-

tions, currently being researched for the near and

medium-terms, include the breeding of special traits in

plants and animals, of singular strains of microorgan-

isms and organic drugs for medicinal purposes, and in

general the spectrum of research known as genetic engi-
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neering. Advanced industrial applications would range

from microorganisms capable of concentrating diluted

materials, e.g. metals from ores, to systems capable of

"growing" industrial materials with multiple proper-

ties, to organic "controller" and perhaps even reason-

ing system. The end purpose of biotechnical research

is the development of engineering rules and methods for

creating structures of organic matter, tailored to

achieve pre-assigned specifications. Its significance

to industry is that living organisms possess mechan-

isms, e.g., enzymes, which make them far more versa-

tile, adaptive and multiform than ordinary materials.

In theory, the properties which can be engineered into

products of living matter appear to be almost unlimited

in scope.

. Pattern Recognition--technologies which can endow inan-

imate--e.g., electronic--systems with discrimination

and synthesis capabilities akin to those of the human

sensory-brain system. The human visual system and the

auric and/or tactile systems, which include sensors,

brain and efferent communications systems, are

unmatched in discerning complex relationships. Devel-

opment of automated systems approaching human capabili-

ties would impact industrial productivity by enhancing

processes or replacing operations currently requiring

man's intervention. Further, these systems can be

coupled to the capabilities of advanced electromechan-

ical sensors, greater than, albeit not as flexible as,

those of human sensors, to achieve major quantitative

and qualitative enhancement of industrial automation.
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3.0 TECHNOLOGY REQUIREMENTS FOR SUPPORT OF OTHER THAN

ECONOMIC NEEDS

3.1 OVERVIEW

U.S. technology requirements do not stem solely from econ-

omic needs. They derive as well from other national aspirations,

including the aim of improving health care and security and

satisfying less tangible goals such as the general state of well-

being symbolized by Jefferson as the "pursuit of happiness."

This chapter describes the findings of the Step I process,

Figure I-I, applied to these noneconomic aspirations. We adopted

the following terminology to characterize them:

Health--maintenance of physical and psychological well-

being

• Seeurlty--protection from man-made and/or natural

violence

Pursuit of Happlness--the capacity to reach high levels

of self-fulfillment and societal development

Figure 3-1 compares the allocation of U.S. resources (per-

centage of GNP) to the three categories of aspirations with the

resources devoted to the nation's economic pursuits--"wealth.,,

It indicates that, over the period 1950-1980, commitments to

"Health," "Security" and "Pursuit of Happiness" have increased

their proportion of GNP by more than 50_. Trends indicate that

these needs will continue to command increasing proportions of

the nation's resources.

The sections that follow compare the degree of achievement

of these aspirations in the U.S. and other principal developed

nations. They assess techniques and technologies that address
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_1 3"3%4.2%
0.8%

1950

4.3%

5.1%
4.2%

1960

of

7.1%

1970 1980

Figure 3-1. Relative Allocation of U.S. Resources Among
Economic and Non-Economic Aspirations
(in Percent of GNP at Constant Dollars -- Includes

Public and Private Expenditures)

3-5



these aspirations and "leapfrog" measures which could produce

major advances by 2005-2010. Volume III, Sections C.I through

C.3, details our findings.

3.2 HEALTH

The desire for physical and mental well-being implies free-

dom from disease and organic handicaps, and correction of condi-

tions caused by untoward situations and accidents. It also

implies a desire to extend life expectancy under healthful con-

ditions.

To identify long-term technologies that support health

aspirations, we categorized their components and compiled indica-

tors of posture and trends. In order to uncover "weak" areas

potentially addressable by technology, we compared the current

U.S. posture with respect to its historical progress and to the

state-of-the-art in other developed nations.

Figure 3-2 is a categorization of health aspirations that we

adopted from standard classifications in use by the World Health

Organization and the National Institutes of Health.

Review of the literature and discussions with U.S. health

experts suggested four indicators of health posture:

Quality measures--such as: incidence of pathogenic and

organic diseases; percentage of corrected physical

handicaps; level of education of medical care person-

nel.

Quantity measures--such as volume of medical facilities

per 100,000 population, e.g., medical care personnel,

hospitals and hospital beds, diagnostic and therapeutic

equipment.
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Productivity measures--such as degree of utilization of

available health facilities, e.g., the occupancy rate

of hospitals and hospital beds.

Equity indicators--such as fairness of access to, and

affordability of medical care by diverse socioeconomic

strata.

3.2.1 PROGRESS AND COMPARATIVE POSTURE OF THE U.S. AND

PRINCIPAL DEVELOPED NATIONS

Quality of Health Care

The U.S. has historically maintained a lead in controlling

pathogenic diseases, Figure 3-3.

With respect to control of the two principal organic dis-

functions, cancer and heart disease, Figures 3-4 and 3-5 show the

U.S. to be significantly ahead, although only slightly ahead of

the nearest runner-up, Japan.

The steady decline in deaths from cancer and heart disease

in the U.S. is attributed, by the experts we consulted, to

improved early detection, diagnostic care and new treatment tech-

nologies. Advanced technologies--such as lasers, microsurgery,

implants, radiation, chemotherapy and applications of microelec-

tronics--are not as extensively available in most other developed

countries.

An indicator of increased life expectancy is shown in Table

3-I. These data show a marked trend towards increased longevity

in all nations, with the U.S among the leading nations.

Another indicator of quality, length of the educational

curriculum for primary medical care personnel (doctors and

nurses), appears to be approximately equivalent in the U.S. and
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TABLE 3-1

OONTINU_ LIFE EXPFL_ANOY IN YEARS

AT A G_ AGEp BY SEX

(Dlm'm_

AGE IN !_AIIS

25 3__5 4_55 55 65 75

U.S. M 47.0 37.8 28.9 20.8 14.1 8.9

(1978) F 54.1 44.5 35.2 26.5 18.6 11.8

JAPAN M 50.0 40.5 31.2 22.6 14.8 8.6

(1980) F 55.2 45.4 35.9 26.7 18.0 10.6

FRANCE M 47.4 38.0 29.0 21.0 14.1 8.9

(1978) F 55.0 45.4 36.0 27.0 18.5 II .1

F.R. _ M 46.9 37.5 28.4 20.1 13.0 7.6

(1979) F 53.0 43.3 33.9 24.9 16.7 9.7

ITALY M 47.8 38.2 29.0 20.7 13.6 8.0

(1977) F 53.7 43.9 34.4 25.3 16.9 9.8

_| I
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other developed nations--12 to 13 years of primary education,

followed by 6 to 8 years of college for physicians and 4 years of

college for clinical nurses. No standardized measure of the

relative quality of the educational curricula is available.

However, the fact that the number of foreign physician trainees
in the U.S. far exceeds the number of American trainees abroad,

suggests the superiority of the U.S. medical training.

Quantity of Health Care

One measure of the ability of primary health care personnel

to satisfy health needs is the ratio of physicians and nurses to

population. Table 3-2 shows that the U.S. clearly exceeds Japan

and Italy.

In terms of the number of hospitals and hospital beds per

unit population, while U.S. resources appear to be fewer, the

occupancy rate in U.S. short-stay hospitals is greater, Table 3-

2. It appears that the U.S. exploits its health facilities more

efficiently.

Productivity of Health Care

Table 3-3 compares one of the significant indicators of

productivity, average length of patient hospital stay. In this

respect, U.S. productivity appears to exceed that of Japan and

Italy.

Equity of Health Care Distribution

This refers to the individual's ability to afford health

care. Historically, the burden of paying for medical care has

rested with the individual. Within the last 50 years, however,

increasingly larger proportions of the costs off health care have

been provided by national governments and private insurers.

Among industrialized nations, this has resulted in publicly
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TABLE3-2

COMPARISON OF HEALTH CARE RESOURCES_ 1980

I_)IOAT(_

TOTAL HOSPITALS/100,000

TOTAL BEDS/100,000

SHORT-STAY HOSPITALS/
i00,000 a

SHORT-STAY BEDS/100,000

OCCUPANCY RATE (%)

PHYSICIANS/100,000
POPULATION

NURSES/i00,000
POPULATION

U.S. JAPAN ITALY

3 8 3

591 i,127 964

3 7 3

474 780 778

75.6 N.A. 69.7

201 134 i15

511 422 321

a
SHORT-STAY H[_PITALS ARE ALL HDSPITALS EXCLUDING TJBERCULOSIS SANITARIUMS,
MENTAL INSTITJTIONS, LEPROSARIU]_ AND MAINTENANCE CARE FACILITIES.

SOURCES : U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

ANNUARIO STATISTICO ITALIANO

MINISTRY GF HEALTH AND WELFARE, JAPAN
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TABLE 3-3

NEg ADMISSIONS TO SHORT-STAY

GENERAL S_Tv-ICE HOSPITALS_ 1980

U.S.

TOTAL ADMISSIONS (MILLION) 38.1

P_RCENT OF POPULATION 16.8

RATE PER i00,000 16,750

AVHRAGE LENGTH OF STAY 7.8

(DAYS)

R_D_n.v Ja"L 1

ITALY

9.9

17.6

17,560

11.8

0.66

8.6

7.4

7,360

37.3

0.21

SOURCF3: U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

ANNUARIO STATISTICO ITALIANO

MINISTRY OF HEALTH AND WELFARE, JAPAN
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financed and subsidized health care systems tailored to each

nation's needs and culture.

In the U.S., most health care financing is provided through

private health insurance, most often supplied by employers.

Employees pay a portion of the cost, on the average, about 20%.

Federally subsidized health care is reserved for persons

aged 65 and over and the medically indigent, the latter falling

below defined minimum income levels. In 1980, the indigent

income level was $4,190 for individuals and $8,414 for a family

of four. Federally financed health care subsidies are augmented

by mandatory contributions (2.6% of employee earnings), shared by

employees and employers.

Financing of health care in Japan and Italy differs from

that of the U.S. in two ways:

i) All persons in Japan and Italy are covered, primarily

through government funding.

2) The Japanese and Italian systems operate primarily

through government-owned insurance companies; the

governments also provide subsidies to approved private

insurers. By contrast, U.S. insurance companies are

nonsubsidized, private corporations.

Table 3-4 summarizes key characteristics of government-flnanced

health care programs in the U.S., Italy and Japan.

Table 3-5 shows government expenditures in the U.S., Japan,

and Italy for financing health care. While caution should be

exerted in comparing the data because of differing health care

costs, the significance of the Table is in the relative distribu-

tion of expenditures. Italy expends almost twice as much on

health care financing as a percentage of GNP as the U.S.,
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TABLE3-4
GOVERNMENT PROGRAMS FOR MEDICAL CARE

CHARACTERISTICS

i , i

U.S. J.IW.a.N ITALY

COVERED POPULATION @ MEDICAL INDIGENTS

e PERSONS 65 AND OVER

ALL RESIDENTS ALL RESIDENTS

GO_
_ONS

COST OF ADMINISTRA-
TION AND BALANCE OF

MEDICAL EXPENSES

45% OF SUBSIDY
TO APPROVED

INSURERS AND
ADMIN. COSTS a

VARIOUS a
SUBSIDIES

TAX CONTRIIM.r_ONS
e I_IPLOYER 1.3% OF PAYROLL

1.3% OF F_aNINGS

4.2% OF

PAYROLL

4.2% OF

EARNINGS

10-15% OF
PAYROLL

0.3% OF
EARNINGS

VARIES BY STATE.

GENERALLY ALL

EXPENSES EXCEPT THE

FIRST $200 AND $51

PER DAY FOR 30 DAYS
AFTER AN INTIAL 60-

DAY PERIOD

ALL MEDICAL

SERVICES.

PATIENT LIA-

BILITY LIMITED

TO 20-30% OF
COSTS DEPEND-

DENT UPON CARE

RECEIVED

ALL MEDICAL

SERVICES.

LIABILITY

UNKNOWN

COVERED INDIViD-

UAL

DEPENDENT CHILDREN

OF THE MEDICALLY

INDIGENT

SAME AS

COVERED

INDIVIDUAL

SAME AS

COVERED

INDIVIDUAL

AGENCIES

DEPARTMENT OF

HEALTH AND HUMAN

SERVICES

MINISTRY OF
HEALTH AND

WELFARE

MINISTRY OF
LABOR AND

SOCIAL

WELFARE

SOCIAL SECURITY

ADMINISTRATION

SOCIAL IN-

SURANCE AGENCY

NATIONAL

SOCIAL

INSURANCE

INSTITUTE

HEALTH CARE

FINANCING ADMINIS-

TRATION

NATIONAL HEALTH

INSURANCE

SOCIETIES

(SLm_.SIDIZED)

a THE JAPANESE GOVERNMENT PROVIDES 45% OF THE FUNDING FOR GOVERNMENT APPROVED

PRIVATE INSURANCE COMPANIES AS WELL AS THE COST OF ADMINISTERING INSURANCE

BENEFITS. IN ITALY, SUBSIDIES VARY WITH THE TYPE OF INSURANCE COMPANY, USUALLY BY

OCCUPATION, WITH NO FIXED PERCENTAGE ASSIGNED. IN BOTH COUNTRIES INSURING
AGENCIES MUST BE APPROVED BY THE GOVER_ TO QUALIFY FOR A SUBSIDY.

SOURCE: U.S. DEPARTMENT OF HEALTH AND HUMAN RESOURCES, RESEARCH REPORT NO. 58
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TABLE 3-5

GOVERNMENT EXPENDITURES FOR HEALTH CARE

TOTAL EXPENDITURES

(1972 MILLION $)

PER CAPITA

AS PERCENT OF GNP

U. S. JAPAN ITALY

$59,015 $12,718 $12,965

$259 $108 $230

4% 3.65 7.35

SOURCES: U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 1982
MINISTRY OF HEALTH AND WELFARE FOR JAPAN

ANNUARIO STATISTIC0 ITALIANO

TABLE 3-6

SOURCES OF PAYMENT FOR

MEDICAL SERVICES IN THE U.S.

ALL P_ I_ I_,IVA_
(Yml_

PERCENT OF TOTAL I00.0 65.6 9.1 22.4 2.9

1950

PERCENT OF TOTAL i00.0 32.9 26.0 39.7 I.4

1980

1980 MILLION $ 122,800 40,420 31,900 48,800 1,700

(CONSTANT 1972 $)

SOURCE: U.S. DEPARTMEMr OF HEALTH AND HUMAN SERVICES, 1982
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although per capita expenditures are comparable. Japan spends

about the same percentage of GNP as the U.S., but less per capita

than either the U.S. or Italy.

While per capita expenditures in Italy and Japan cover the

entire population, U.S. expenditures, though expressed in per

capita aliquots, are confined primarily to the medically indigent

and elderly. Thus, while the U.S. federal government contributes

almost half of the national expenditures for financing health

care, a major burden falls on individuals and insurers, Table 3-

6. The U.S. emphasis on health care financing by individuals

suggests possible inequities deriving from the poorer individ-

ual's inability to pay insurance premiums.

3.2.2 HEALTH CARE TECHNOLOGY

Historically, the U.S. health care system has encouraged

advanced medical technologies. Table 3-7 lists key technologies

currently being introduced. As indicated, they draw on advances

from other fields, such as microcomputers, lasers, new mater-

ials. The technologies shown in the Table fall into three prin-

cipal categories:

• Noninvasive diagnostics

• Surgical and curative technologies

• Prosthetics

Noninvasive Diagnostic Techniques

Computer Axial Tomography (CAT) and ultrasound scanners are

two of the principal diagnostic technologies being developed for

the short and medium-term.
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TABLE 3-7

PRINCIPAL NEAR AND MEDIUM-TERM TECHNOLOGTF.q ENTERING THE HEALTH CARE INDUSTRY

TECHNOLOGY DESCRIPTION APPROXIMATE _ OF SIGNIFICAhT DIF"FUSION

NDNINVASIVE DIAGNOSTICS 1980 1985 1990 1995

• CCW,_%TER AXIAL

TU_ (CAT, CT)

O NUCLEAR _GI',U_IC

• ROSIZ_ON I_LSSION

'n_,qOOF.APm_ (P_r)

• DIGITAL SUB--ON

ANOIDGRAPHIC (CT)

• _ _m,,_,nm(us)

0 _ _ RADIATION

O COLD--F"J_E _ SI.,,'F_C_Zi]_Z"

• MICROWAVE SCAL[q_

a) TRANSDUCER HEADS

COMPUTER _MENT OF X-RAY IMAGES

PROVIDING BE_ DIAGNOSTIC INFOR-

MATION.

ALLOWS TOMOGRAPHIC SCANNING WITHOUT

IONIZING RADIATION ZHEREFORE REDUCING

PATIENT RISK. PRODUCES (_CAL AS WELL

AS DIAGNOSTIC DATA. PRODUCES UNOBSTRUCTED

IMAGES IN BOTH _-SECTION AND SAGITrAL

PLANE VIEWS.

DEVELOPED IN _HE 1970s. UTILIZES ISOTOPE

INJECTION COMBINED WITH C0_ ASSISTANCE

qO MEASURE AND VISUALIZE HUMAN _ZTABOLISM.

IMPROVED VERSIONS CAPABLE OF DETFL_ING RAPID

CHANGES IN METABOLISM.

INCORPORATES F_UOROSCOPY AND ANGICGRAPHY INTO

C_ SCANNING TO PROVIDE _RE DIAGNOSTIC INFOR-

MATION IN A SINGLE SCAN.

PRODUCES COMPb'I'ER ASSISTED HIGH RESOLUTION,
REAL-TIME IMAGES. NEW TECHNIQUES ALLOW DETEC-

TION OF CHANGES IN TISSUE PROPERTIES INDICATING

SPECIFIC DISEASES.

CAPABLE (_ DELI'V_NG 8,000RADS TO A _b]_OR WITH

PRECISIONS SUCH _HAT TISSUE _mn P_ROM POINT OF FOCUS

IS UNAFFECTED.

EXCISION (IF ABNORMAL GROWTHS, SELF-CAUTERIZATION

OF INCISIONS, DESTRUCTION OF CANCEROUS CELLS. ADAPT-

ABLE TO OUTPATIENT TREAT_. IN ADDITION, PROVIDES
A FIN_ CUTTING LINE, USED NOW AS PH(TPOC_)AGULATOR

FOR REAITACHMENTS OF OPTIC NERVE 99 RETINA. ULTRA-

VIOLET LASERS (UV) OR COLD LASERS DISRUPT THE BINDING

CEiL ENERGY WITHOUT AFF_NG NEARBY CELLS.

HIGH FREQUENCy VERSION (_ RADIO FREQUI_NCY

DEVICES WITH LESS CELL DISRUPTION.

WILL DRAW, SEPARATE, TREAT, FILTER AND

RETURN THE _LOOD. CURRENTLY UNDER RESEARCH

WI_I_ _IC ANI_4IA A_D LUPUS.

USING FIB_ OPTICS, FOR II/DW_INATION,

VIEWING, SALINIZATION, OR }_2FID/PARTICLE

WITHDRAWAL IN BIOPSY A_D MICROSURG_Y.

REDUCES P_RFORMANCE TIME AND COSTS, HOSPITAL

STAYS AhD LOSS OF WORK TIME.

MEASURE CHemICAL IMBALANCES, CELLULAR

FLUID_, A_) CHEMICAL INDICATORS. WOULD ALLOW

PARALLEL E_DOSCOPIC MICROSURGERY AND

IF_EDIATE DIAGNOSIS _ R_AL OF

DISEASED/DAMAGED CELLS. WOULD REDUCE

,_q2AL/_,_/y._sIC_L T_.A!_M_a.,___C_a_._. RISK OF

INFECTION, _LIMINATE _ FOR _3RANSFUSIONS,
REDUCE HOSPITAL STAYS. I

15% diffusion

3-15



TABLE 3-7 00NT'D

b) SUTJRING HEADS

c) ADHESIVE AUGMENT_

PLASTIC SUTURES

INTRA-A}_ERY BALLOONS

• CO_I_OT_%I ZED

_IO[OGY

MAT_RIAI_ PHUSTHESIS

ARTIFICIAL (]_AM

ARTIFICIAL

• ARTIFICIAL LD_ PR3STHESIS

• ARTIFICIAL SKIN

• ARTIFICIAL BLOOD

• ARIqI_CIKL BODY

COMPON_TS

e N_R3mUSCUIAR

_nJ_[ATO83

• LIM8 _%_SPIANTS

BIODEGRADABLE SNAPRINGS A"I_ACH_D IN

S_NG _ TO "CLAMP" TISSUE TOGET_.

BIODEGRADABLE, AUGMENTS OR SUBSTITUTES

FOR PLASTIC _.

REDUCES THE _ TO LIe,ATE VESSELS OR

PROVIDE REPLACH_T BLOOD.

PROVIDES ANESTHESIA AND ALSO MDNITOP_

VITAL SIGNS, EKDOD GASES, AIRWAY RESISTANCE

AND INDUCED GAS CONCENTRATION.

_EW NONREACTIVE MATerIALS AND

DEVELOPMENT OF MINIATURIZED PROPULSION

SYST_4S AND POWER SOURCES.

ADVANCES IN _SORS, MINIATURE MDTORS,

POW_ _JPPLIES AND LIGHT ALLOY

MATERIALS WILL IMPROVE UTILITY, ALLOW

FI_ MANIPULATIONS AND PRODUCE

AESX'HETICALLY E_}{ANCED PROSTHETICS.

CHEMICALLY SYNTHESIZED FROM ANIMAL HIDES,

PROVIDES AN ORGANIC HUT BIOLOGICALLY

INERT COV_ FOR BURN VICTIMS. IS ABSORBED

BY THE HODY DURING, THE __ALING PROCESS.

REDUCES SCARRING.

T_LON-BASED WITH AN ARTIFICIAL _OOLOBIN,

CAN HE USED IN qRANS_USIONS WITHOUT

NECF.BSITATIN_, CROSS-MATCHING.

THROUGH GENETIC AND MDLECULAR _qGINEERING.

TREATMENTS FOR DEGENerATIVE DISEASES,

OSTEOPOR(OIS AND _PIAC_NT _IS.

BY (X)MPUT_ DESIGN, WILL PROMOTE BONY IN-

GROWTHS, AND JOINT R_DDELIND.

REPLICATION C_ M_RVE CELLS OR SYNTHETIC

N_ CELLS TO COMPL_ EXISTING CELLS.

IMPLANTATION CF "JUMP WIRES" TO REPAIR

FAULTY NEURAL CONDUCTION PATHWAYS (WITH

OLri_IDE-BODY FOW_ SOURCE). TIMING UNITS

OR BIOLOGICAL SWITCHES WILL PERIODICALLY

POLARIZE TH_4SELVES.

COMBINING JOINT RECONS'I_RUC_ION,

JOINING, BIOCH_4ICAL OR DRUG TREATMENT,

CLONAL ANTIBODIES, "g) ELIMINATE THE

FOR PROSTHESIS TO REPLACE LIMBS AND

DIGITS.

1980 1985 1990 1995

.... -15% diffusion
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Although clinically impressive, their long-term practical

benefits hinge on reducing costs and on increasing the precision

of early diagnosis. Application of these nonlnvasive diagnostic

techniques is currently constrained by the state-of-the-art of
data interpretation, i.e., the ability to more accurately cor-

relate raw measurements with disease or dlsfunction.

As data interpretation techniques improve, noninvaslve diag-

nostic technology could increasingly replace exploratory surgical

procedures. Such improvements are largely dependent on higher

CAT and ultrasound resolution techniques. Newer sensors, such as

nuclear magnetic resonance tomographers, may also supply needed

improvements.

Surgical and Curative Technologies

Medical researchers have long sought methods and devices to

make surgical procedures more effective and less traumatizing.

Two promising technologies, helium beam radiation and cold

fire laser surgery, are presently undergoing experimental

testing, Table 3-7. Coupled with advanced diagnostics, these

technologies may be expected to become important in cancer

surgery and tumor therapy by the mid-1990s. The advantage of

helium beam technology is its ability to deliver high levels of

radiation to small areas, as opposed to current methods requiring

generalized radiation exposure with increased patient risk. Cold

fire laser surgery using fiber optics can vaporize cancerous

cells, leaving no residue to promote metastasis. This process

substantially reduces the risk of tumor recurrence.

Curative technologies of interest include techniques that

facilitate blood cleansing operations that reduce the need for

hospital visits after surgery. Pump apheresis equipment, which

provides cleansing of blood or body fluids outside the body,

shows great promise for miniaturization. An implanted pump could
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accommodate continuous site-specific chemotherapy or hormone

delivery and sustained release of supplementary enzymes. This

would greatly reduce the need for daily insulin injections by

diabetics and minimize side-effects in chemotherapy cancer

patients, resulting from treating the whole body rather than

specific cancerous locl.

Endoscopics show promise of reducing the size of incisions

and the complexity of biopsy operations. Use of fiber optics for

illuminating viewing sites makes microincisions possible,

resulting in less debilitating surgery. Smaller exploratory

operations may also lead to cost reductions and efficiency
increases.

Use of computers to monitor a patient's vital signs and to

administer anesthesia is likely to become widespread. This could

reduce medical costs by increasing the productivity of hospital

personnel.

Prosthetics

Prosthetic technology has been evolving for many years.

Formerly, prosthesis was limited to devices such as "peg legs,"

hooks for hands, crutches, wheelchairs, litters. Today, pros-

thetic technology includes artificial limbs, hearing aids, motor-

ized wheelchairs. Recent experimental prosthetic devices include

artificial organs, skin and blood.

A major constraint affecting the pace of these developments

is the requirement of government agencies to review human experi-

mental results prior to certification. Medical products, drugs

and devices are subject to Food and Drug Administration regula-

tions. Approval entails two major testing stages, norma 11,r_J

requiring seven to ten years to complete. Currently, costs of

such testing in the U.S. exceeds $i billion per year.
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Our review of the prosthetics field indicates several needs

addressable by advanced technologies, similar to those we have

derived (in Chapter 2) for supporting long-term industrial objec-

tives. Thus, advances in materials and robotic techniques can
accelerate the introduction of new prosthetic devices. Elec-

tronic stimulation, nerve regeneration/restoration, and micro or
laser surgery portend the possibility for full restoration of

senses by artificial means. Artificial eyes would allow one to

see dimensions, characteristics, shapes and movements; further

advances would facilitate the perception of color and "real pic-

tures" besides graphics. Artificial ears, more sensitive than

hearing aids, would provide expanded hearing ranges. The sense
of touch could be expanded to include color and texture; the
sense of smell, to distinguish subtle variances.

Similarly, advances in pattern recognition would improve the

physician's ability to interpret noninvasive imagery. "Informa-

tion rationalization" technology would allow physicians to draw
upon ever-growing, multidisciplinary databases to arrive at ear-

lier, more accurate diagnoses. Improvements in "rapid learning"
would enable practicing medical personnel to keep abreast of the
growing state-of-the-art. These techniques may also enhance the

productivity of medical personnel by shortening the time required

to achieve the requisite professional skill levels.

Notwithstanding the pre-eminent position of the U.S. in the

health field, the desire for ever-improved health care is a

strong and continuing aspiration of the Amercian public. In view

of the large, and growing, expenditure of resources which the

nation devotes to health care and the prospects which technology
offers, medical technology demands significant industrial and

government support.

Accordingly, we identify medical technology as a leapfrog

technology thrust candidate, supplementing the nine "pervasive"
technologies identified in Chapter 2.
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3.3 SECURITY

Security connotes the desire to be free from danger, fear,

anxiety, want or deprivation. Recognized by the framers of the

Constitution, the Preamble cites "to promote domestic tranquil-

ity" to be one of the government's paramount aims.

Primarily concerned with promoting law and order among their

citizens, governments have also sought to alleviate the effects

of deleterious natural events. Jefferson implied this responsi-

bility in the statement that one of the government's responsibil-

ities is the "erection of lighthouses." As technology evolved,

protection from untoward natural events became the principal

objective of such agencies as the Corps of Engineers, NOAA,

USDA's Forest Service, FEMA.

Man has always aspired to financial security. Fulfillment

in developed countries was made possible by the growth in wealth

resulting from the industrial revolution.

In identifying potential leapfrog technologies that support

the security area, we followed a procedure similar to that

described in Section 3.2 for the health field:

We categorized the field into its principal elements,

see Figure 3-6, integrating definitions and classifica-

tions in use by U.S. and international agencies, e.g.,

FBI, Interpol, OECD. As indicated, under "conflict"

the element "international" subsumes military activi-

ties: These were excluded from our analysis.

We compared the "status" of U.S. security elements with

their historical evolution and with the equivalent

posture of other developed countries. As examples,

Figure 3-7 compares death rates from motor vehicle and

other accidents; it also depicts trends in crimes.
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Table 3-8 compares trends in control of major air pol-

lutant emissions. We drew on these and 44 other com-

parisons (described in Volume III, Section C.2) to

identify "needs" requiring improved technological solu-

tions.

We examined the state-of-the-art of the relevant tech-

nologies, and the near and medium term improvements

"coming down the pike." From this review, we identi-

fied long-term technology requirements.

Our analysis is detailed in Volume III, Section C.2. Key

technological developments for enhancing individual and societal

security are summarized in Table 3-9. These technologies fall

into the areas of:

Detection Technology,

Enforcement,

Forensic Technology,

Societal Techniques.

As regards alleviation of climatological damage, the tech-

nological emphasis is on monitoring and prediction rather than on

control. Spotting of severe weather events such as tornadoes

have been based on visual sightings, leaving little time to eva-

cuate or prepare. The National Weather Service is anticipating

near-term use of a Doppler radar system (NEXRAD) that would pro-

vide warning information well in advance of actual occurrences.

Other advanced technologies include use of lasers (lidar) and

sound waves for probing the atmosphere to test stability para-

meters, wind profiles, and temperature gradients. In addition,

refinements in satellite imagery techniques are expected to

provide finer, more detailed and widespread data for mesoscale

modeling and forecasting.
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TABLE 3-9

PRINCIPAL TECHNOLOGICAL DEVELOPMENTS

FOR INDIVIDUAL AND SOCIETAL SECURITY

DESCRI_ION

• _rVIROM_AL CO_rAOL

$ AUDIO _

• B_-IA'vI3P.IALPIL'_q'III_N

I_CO_ON

O AI_ _L_

O CJ_ SURV_

l II_GIII_ON/

LI]_KXIS _ _IC)N

O _H_.J) RADIATION

e PORTABLE LAS_
_I_II'RINT

O

0 AUTCIqAT_) DIGITAL
AUDIO

O _ DOCXH_NT ANAL_

! _I_

O I_JTL_OIIBAC_:SCATII_

O SI_CLM., t,4OI3'nR
AU'I'I_MA_ R1_4C71'1_

CS_au_'r)

CARRIED ON A PI_YESONOR OBJEL"_. A I]ETONATION

SYSTID4 TRIGGERS A SPRAY WITH A FOUL _IPERM-

ODOR ON THE ASSAILAIgP. ODOR CAN ONLY HE
NEUTHALIZI_ BY SPECIAL ANTIDOTES.

'ID I_I.ILATE I_CgIRONMI_AL CONDITIONS OF A POPU-

LAT_) FACILITY OR H[_. _ BIOLOGICAL MAKEUP

OF EACH I_ IS ANALYZED; INI_[_ AND hON-

APPROVED P_RSONS ACTIVATE SECURITY SYST_ A_
ALA_. DIFFE_ S_ANDARDS CAN BE _ET H3R

DIFF_RI_ TIMES OF DAY.

INSTANT I_ALL OF I_I_RGI_WCy COMMUNICATIONS TO

A.._IST IN APP_SION OR INVESTIGATION.

"TAOGING" OF EXPLOSIVES WITH ID_qPIFYING

MATI_{IALS. _ DETONATION THE TAGGING 00M-

POUNDS IDenTIFY THE MAKE, MANUFACTUP_ AND
OI_ FACTORS.

USING COMBINATIONS OF PSYCHOLOGY, SOCIOLOGY,
CRIMINOLOGY AND POLITICAL SCIENCES, TO PKEDE-

T_41NE OR _C,OGNIZE SIMPLISTIC (_£_RA_STICS
OF CRIMINALS IN VARIOUS "COMMON" OR "OUTRA-

GEOUS" CRIMES. IT IS HDP_]3 ZD PREV_ ACCESS

• D FOTD4TIAL CRI_ AREAS OR _Z) DE_I_ THE
TYPE OF P_N(S) THAT COMMITS A CRI_ BY

INT_RE_INO THE EVIDID_CE, _ APPLYING THE

INI_TION, BY DEDUCTION, IN CRDER TO NARROW
OR DIRI_ THE INVESTIGATION.

USE C_ BAILOONS, I_IMPS AND LIG_-_t_N-

AIR AIRCRA_, EITHER U_ OR MANNED, TO
CON_ LARGE, OP_ FACILITIES TO DE'I_ M(F_

OR L_SUAL EV_. THESE CAN ALSO BE USED FOR

QUICK RESPONSE _D ANY INCID_ OR _UICK RETREAT
IF NE_.

USE OF REGULAR OR INFRARED CA_AS FOR DETEC-
TION AND SECURITY, EITHI_ FOR CONSTANT MDNITOR-

ING OR ALARM TRIPPED DET_ION. WITH A POTEN-

TIAL OF 83 TELEVISION CHANNE_ AVAILABLE,
JURISDICTIONS UTILIZING EXCESS CHANNELS CAN

PROVIDE SECURITY AS WELL AS CONTROL PUBLIC

SCHOOL _rRY/EXIT, TRAFFIC PATTENS, SPECIAL

EVENTS AND GE_'ERAL ACCESS. ALSO TO BE USED FOR
RUMOR CONTROL AND PUBLIC INFORMATION.

FOR USE DURING TIMES OF LOW VISIBILITY FOR

SURVEILLANCE OR SEARCH.

FOR DRUG AND CHI_MICAL DETECTION IN AUTOMDBILES

OR AIRCRAFT BY DENSITY ANALYSIS; NOT SAFE FOR
DRUG-CARRYING PERSON.

CRIME SCENE APPLICATION OF LASERS TO DETECTION
SYSTEMS TO DETECT LATENT PRINTS.

UTILIZED FOR RAPID SEARCH OF INFORMATION; AUDIO

M_RIZ_S, QUICK VERIFICATION OR REPLAY OF

CALLS FOR H_P; FREEING OFFICERS FOR THE FIELD.

CLARIFIES VOICES BY FILTERING BACKGROUND NOISES

FOR ANALYSIS IN CONJUNCTION WITH CHIF_S SUCH AS

KIDNAPPINGS OR _ THREATS.

DE'_S ALTERATIONS TO, RERLACI'_ OF, OR
SIDCRE'rNOTATIONS TO DOCUMENTS IN

AI_ICATING, FOR- GERY OR TAMPERING.

FOR IDENTIFICATION AND FILES RECORDING.

S TW/_I_._TO_ F!NG_E'RPRINTTNG, FOOTPRINTING OR
RETINAL SCANNING.

SHOOTS BEA_ OF RADIATION AT CARS, BOATS AND

PLANES; _T_ESU_ES ABSORPTION AND DEFLECTION BY
DRUGS.

CO_IZED PATROL CARS CONTAINING TE_NALS,
LOGIC UNITS, REGULAR VOICE SCHA_LE/DECODE AND
DIRECT VOICE TRAN_TTERS FOR SITUATION ANALY-

SIS, VE_ICLE IDENTIFICATION AND COMMUNICATIONS.

DESIGN WILL BE LARGER INT_IORS, LIGHTWEIGHT
ARMOR, AUTOMATIC BRAKING AND PERFORMANCE READ-

OUTS, AND LIFETIME LUBRICATION.
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TABLE 3-9 (CONTINUED)

O LIFE S01_ ANAL_

O _NrI1_¥

ANALYSIS OF 1_'lll, SKIN, HAIR, BLOOD, SDqINEL

FLUIDS, AII_3SP_IC OONI)ITIONS AN1) NDISIIIRE TO
DEVELOP INFORMATION OH T_PE, VICTIM LOCATION,

TI_ SEQU_NOING, MOVe, AND OTH_ DETAILS OF
A CRIN_';SCENE OR CRL_ VICTE't IN RECURRENT

CASES, USED TO DEVELOP A PROFILE OF THE

CRIMINAL FOR PREV_ION AND CAPTURE OF THE
PI_PETRATOR. THIS AREA INCLUDES THE

RECONSTRUCTION OF A BODY, FINGERPRINTING,
FOOTPRINTING, BLOOD AND SEMINAL FLUID ANALYSIS

AND VARIOUS TECHNIQUES TO REASSEMBLE THE CRIb,

VICTIM END CULPRIT.

LIVE FINGERPRINTS, RETINAL BLOOD V_EL PAT-
TERNS, POUR FINGEN LENGTH NF_&SURE, VOICE ACTI-

VATION, BRAIN WAVE PATI_N.S, IDICLSYNCRACY

J_NELXSIS BOTH PSYCHOTIC END BIOMETRIC.

soc_c _mm_c_

_ON

O _,'Jt

O _P,IVII_ID#JI,,I_N'TAL D_SIC_

I BOB_rlCS

i) SBCURITY PA_

2) I_'K)TE -CO_',TROIX,t_I)

CQ@q_qICATI_ I_ADIO

O _ CIF_I_A"_)
pISTO_S

o

I mA_

_3F_IC

o O_MICAL I_+'I'I_A_'1"I_

i) POMINn

2) SPEC%_ISODP IC

FI_CE

3) AROON-IOR LAS_

o Eh_Ct'BOgIC SC_/

I ELEC'_ROB_L_

i) VICTIM/WITNESS

A&SISTANCE

2) NDTLI_B

3) pA"I1q0_

CREATING CC_IUNI_ CONOID_N _ SAFETY, WHILE
REIX_ING _ NEED FDR POLICE _ JI/DICIAL

IN_OLV_.

A _I_ APPOIN'_D GROUP 1X) ACT AS _.RBITHA-

IN VARIO(kS OO_I_R_LS SDCH AS NOISE, CI.E_J_-
UP AND INTERCOMMUNITY CONFLICTS.

A OO_4MUNII"Y APPOI_ GROUP TO ACT ;kS _ IN
CASE OF M{_NE'_Ry OR PHYSICAL DAHAGIE_ TO PERSON,S

OR P_PER_ RATHER THEN OR PRIOR TO C(_IRT

ACTIONS. SENTENCE_ OF RETRIBUTION, CC_MUNITY

S_VICE OR (FFHE_ PONISB_ITS ARE DOLED OUT.

RI_)ESIGN OF THE NEIGHBORHOOD BY BUSINE._F.S AND

RESIDENTS TO DE31I_J)P D[_mI_W.SIBLESPACe, CON-

TROLLED _(%SESS, TkRGET K_DE_I_G KND SY_OLIC
BARRIOS; PROVIDE NATURAL OPEN PATHS AND SUR-

VEILLANCE AREAS i DEVELOP NETWORK SUPPORT BY
POSITIVE I_'LUENOE AND TERRITORIAL REI_3RCE-

F_T. TRAFFIC RI'_)UCTION BY THE CHANGING OF

ROM_WAy AND SPEI_3S TO ALLOW SAFER PEDESTRIAN

MOBILITY WHILE MAINTAINING VISUAL SURVEIb-
LANCE. THE ELIMINATION OR R_MOVAL OF DETERIOR-

ATION TO PROVIDE SA_, CLEANER INHABITATION
WHILE ELIMINATING AREAS WHERE UNSAVORY CHAR-
ACTERS LOITI_.

_CHANICAL ROBOTS [ESIGNFD _ A VARIETY O_

Press.

_OBOTS EQUIPPED WI'_M SENSORS, CA_ A/_ O_
D_ION DEVICES. ABLE _D I_ AREAS OR HIGH

SECURITY, HION VIOL_CE OR HA_ TO HUMANS;
CAN I_ Ih'THUD_, OR DISARM ORIMINALS WIT:_-

Ot_ CAUSING A LIFF_THREAT_NIN_ SITUATION TO

UNI P0_M_D SBCURITY.

USIK) FOR B0_ IJ3CATION AND DIFFJSION; FACILITY

ANALYSIS, Eh'PRY I_fO AREAS FILI2_D WITH VOLATILE
OR GASBOUS SUBSTANCF._, I_ISSANCE, }_.SCUE,

HOSTAGE NECX)TIATIONS, EI_.

KIT_ WRIST BA_ OR M3L_ 1NTO _ WITH

VISUAL DISPLAy.

U_ _ TESTING, NOT FINANCIALLY _+ASIBLE

ORS_; _XPECTED IN_ _D(T _EN "iD 15 YEARS

LIGMI'WEI0hT ALL-PURPOSE PLASTIC I_ MULTIWRAR

USE. WILL INCI/_ COMMUNICATIOn, GAS MASKS,
VISORS _ POSSIBLY TINTED OR IN_ LENSES.

• LIOh'I_IOHT FLASTIC, POSSIBLY I_-FIZTINO AND

I]_KrPION OF IATi_ft _ B_:

IK_ME AD_ION OR APPLYIN_ IODINE TO AN OBJECT.

00_ OP PINOFIRPRINT EBSORB LIGRT WHICH

LL_41NE.RCEWI_'KL_ DIFFEPI_WT WAVE _ OF THE
ULTRAVIOLET SPBCTRUM.

EMITS LIGHT TO LUMINATE FING_RINTS LF_ BY

PE}R.SPIRATION, BODy OIL AND BDREIGN SUBSTANCES
OR T_ SKIN.

_X3 _ GUN.SHOP _RACF_S &ND C_TNSHO_ F_
PARTICLES AND I_IDUE.

ANALYSIS OF STOOD STAINS INTO TEN _pARATE

BLOOD TYPES A_ CATEGORIES _ ID_IFIC^TION.

"i_ SUPPORT OR AID THOSE FI_ SUFFERING

TBAU_A OR P(_IAL VIOL_ BY PROVIDING

_TAL AND PHYSICAL ASSURANCE, SAF_ AND AID.

CCMqUNIT_ PHONELINEB USeD TO REPORT p_

I_C_g)PE AW_ AND SAFETY. INCLUDES

DRU_, RAPE, SUICIDE AND _ HEI2 HOILINES

BY _A!._) _D_. RF-=K)RT FdONE-

LIP, S TO OONMuNrI_ OR POLICE _ _ CRIMES,

CRIMINALS, DRUG PU_, PRO_TITL'_IO_, C_M_
INI_TION.

POO_, CAR AND _J_'P PATROLS SUCH AS _+IOHBO_-

HOOD WA_ _ MAIRT_IN SL_RVEILL&NCE. PROVIDE

ASSISTANCE AND F_ PNOBI_ TO 2_ POLICE.
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Technology for mitigating biological hazards involves both

monitoring and control measures. Examples are:

Monitoring--remote sensing of environmental conditions

to determine when and where outbreaks of major agricul-

tural pests may occur, so that control technologies can
be applied.

Chemical Communication Systems--ongoing research uses

pheromones to "jam" insect communications, disrupt

breeding patterns and eliminate environmental cues from

host species.

Genetic Control--radiation and genetic engineering is

being explored to create, sterile or nonviable hybrids

that will cause the population to "crash" when intro-

duced in large numbers; and to develop more resistant

plant species.

Species Specific Control--work is also underway to

develop specific pesticides with limited side-

effects. Another area of research is biological con-

trol in which one organism is used to control another.

Our review of the security field shows that, while advanced

technologies play a role in promoting improved personal and

environmental security, none of the technologies is unique to the

field. Rather they draw on advances in technologies developed

for other appliations. The "pervasive" technology thrusts initi-

ated to fulfill industrial needs will enable advances in fulfil-

ling important security aspirations.

3.4 GENERAL WELL-BEING: THE PURSUIT OF HAPPINESS

We used a conceptual approach similar to that described for

the health and security fields in analyzing these aspirations.

Insofar as the availability of objective "hard" data, we:
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• categorized the field into components,

• compared U.S. posture with that of other nations,

• utilized these comparisons to identify "shortfalls,"

assessed the role of technology in providing remedial

measures.

The results of our analysis are detailed in Volume III,

Section C.3. Key conclusions are summarized following.

The categorization of the field that we used is shown

in Figure 3-8. Reflecting our review of the relevant

literature and sources of data, it draws particularly

on recent attempts, noted below, at quantifying politi-
cal and social indicators.

Using these indicators, notably those published in the
"World Handbook of Political and Social Indicators"

(Yale University Press, 1983), we confirmed that in

almost every respect the U.S. clearly leads all other

nations. Table 3-10 exemplifies the relative postures

of U.S. and selected other nations with respect to

three important indicators: political rights, civil

rights, and sectoral inequality.

Notwithstanding the "superior" U.S. position, social

analysts cite a number of concerns and shortfalls

requiring improvement. Those addressable by technology
include:

Proficiency in foreign languages. Compared to

other developed nations, Americans rank low in

this respect;
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TABLE 3- I0

SELECTED SOCIETAL INDICATORS

GASTIL' S POLITICAL RIGHT INDEX

COUNTRY 1979
U.S I

U.K. 1

SWEDEN I
FRANCE I

F.R. GERMANY I

ITALY 2
JAPAN 2

INDIA 2
MEXICO 4

SAUDI ARABIA 6

U.S.S.R. 7

GASTIL'S INDEX : I (HIGHEST POLITICAL RIGHTS)

= 7 (LEAST POLITICAL RIGHTS)

THE POLITICAL RIGHTS INDEX IS DESIGNED TO

MEASURE THE DEGREE TO WHICH CITIZENS ARE

ALLOWED TO PLAY A PART IN DETERMINING WHO

WILL GOVERN THE COUNTRY AND WHAT THE LAWS

WILL BE, i.e., POLITICAL LIBERTY.

THE PRINCIPAL CRITERIA ARE THE DEGREE OF
FREEDOM IN WHICH THE MAJORITY MAY FORM

POLITICAL ASS_4BLAGES. PARTICIPATE IN

GENERAL ELECTORAL PROCESSES, AND THE
RIGHT TO COMPETE FOR PUBLIC OFFICES.

_'S CIVIL RIGHTS INDEX

COUNTRY 1979
U.S. I

U.K. I

SWEDEN I

JAPAN I
FRANCE 2

INDIA 2
MEXICO 4

SAUDI ARABIA 6
U.S.S.R. 6

GASTIL' S INDEX : I (HIGHEST CIVIL LIBERTY)

= 7 (LEAST CIVIL LIBERTY)

THE CIVIL RIGHTS INDEX IS THE BALANCE

BETWEEN THE POLITICAL RIGHTS OF MAJORITIES

VIS-A-VIS THE CIVIL LIBERTIES OF MINORI-

TIES, i.e., THE RIGHTS THE INDIVIDUAL
HAS VIS-A-VIS THE STATE. THE PRINCIPAL

CRITERIA ARE THE DEGREE OF FREEDOM OF

EXPRESSION POSSIBLE AND EVIDENT IN THE
NEW MEDIA.

GINI ODI_FI_ OF _ INi_uALrI_

COUNTRY 1960 1970

SAUDI ARABIA -- 70.--_

MEXICO 42.8 36.2

INDIA 23.4 20.5

JAPAN 23. I 16.9

FRANCE 15.3 12.7

SWEDEN 14.7 9.7

U.K. I.3 2.3

U.S. 3.1 1.7

THE GINI COEFFICIENT MEASURES THE DISTRIBUTION OF WEALTH

ACROSS ALL ECONOMIC CLASSES OF THE SOCIETY. A GINI

COEFFICIENT OF 100 INDICATES THAT ONE INDIVIDUAL CONTROLS

THE WEALTH OF THE ENTIRE SOCIETY: A COEFFICIENT OF 0

INDICATES THAT THE SOCIETY'S INCOME IS DISTRIBUTED EQUALLY
AMONG ALL ITS M_4BERS.
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Understanding of the culture and mores of foreign

countries;

Apparent erosion of quality standards of elemen-

tary and high school education.

Because the elements of "pursuit of happiness" are so

basic, they are affected by technological innovations

across the board. These can be for better or for

worse. Television, for example, while providing a new

medium for entertainment, appears to have exerted a

negative impact on elementary and secondary school

education. Similarly, future comprehensive data banks,

while offering greater access to more and more people,

present the potential for infringement of privacy.

"Pursuit of happiness" goals would be affected, presum-

ably for the better, by the increased national wealth

deriving from the enhanced productivity which the

introduction of the "pervasive" advanced technologies

identified in Chapter 2 could bring about.

Several of these advanced technologies appear

address directly important social shortfalls:

to

Rapid Learning techniques, needed for enhancing indus-

trial training and retraining, would also directly

support basic education. These techniques appear to be

particularly amenable to redressing the nation's

foreign language deficiency.

Information Rationalization techniques, providing

easier, more effective use of comprehensive, multidis-

cipline databases, could foster one of the basic pre-

cepts of capitalist society--"information is freedom."
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Live Presence communications could promote greater

interchange of ideas and opinions, thereby encouraging

community of interests, both domestically and with

foreign nations.
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4.0 TECHNOLOGY REQUIREMENTS OF I_UTURE SPACE MISSIONS

4.1 OVERVIEW

Following the methodology depicted in Figure I-i, this Chap-

ter reviews the spectrum of future missions that NASA may be

called upon to conduct in the early 21st century, with the aim of

identifying core technologies that underlie and enable them. The

analysis focuses on those "leapfrog" technology improvements that

can reasonably be expected to result in at least a half-order-of-

magnitude improvement in mission effectiveness. In Chapter 5

following, we compare these future space technologies to the

technologies identified in Chapter 2 as pervasive to the needs of

U.S. industry.

While geopolitical considerations will continue to influence

the national space program, we assume here that space missions of

the future will increasingly be shaped by motivations of utility,

i.e., the provision of products and services useful to industry

and the public at affordable prices. The drive for utility will

extend to scientific space missions, requiring mission planners

to maximize the level of scientific knowledge produced per dollar

spent.

4.2 FUNCTIONAL CATEGORIZATION OF SPACE MISSIONS

In consonance with the utility principle, future space mis-

sions will be planned and Justified on the basis of their per-

ceived useful returns. Missions will not be Justified as ends to

themselves, but because they are expected to perform useful func-

tions and achieve specified objectives.

To illustrate, consider the mission "Mars exploration."

Viewed from the functional perspective, the pertinent question

is: For what reason do we want to explore Mars? The motivations

(other than geopolitical} could be one or a combination of the

following:
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Gathering data to enhance our understanding of how the

solar system was formed, and how life originated in the

universe. This objective would classify the mission
under the category of "scientific observations." Under

the utility scenario, the mission planner would have to

show that Mars provides more scientific "bang for the

buck" towards achieving the scientific objectives than,
say, investigating the Moon or asteroids.

Assaying the availability, on Mars, of valuable materi-

als, potentially mlneable for subsequent return to

Earth. This objective would classify the proposed

mission in the category of "exploitation of space re-

sources." The mission planner would be called upon to

show that the value of the materials retrieved "pays
back" the mission's cost.

Evaluating Mars's potential as a habitat for man. This

would also classify the mission under the category "ex-
ploitation of space resources"--In this case, the ex-
ploitation would occur "in sltu" rather than on Earth.

So much remains to be learned before human settlement

of Mars becomes technically feasible, however, that we

prefer to consider this type mission as falling under

the category of "scientific observations." The situa-

tion would be different in the case of a proposed Lunar

settlement. Because much is already known about the

moon, this mission would fall within the "exploitation"
category; key questions pertaining to its utility would
revolve around economic value rather than technical

feasibility.

Figure 4-1 depicts a framework for the functional categorl-

zation of space missions. The rows of the matrix, designated

"theater," categorize the mission's "geography." The columns
categorize the mission's functions. The indicated intersections
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represent our projections of the theaters that are optimal for

the indicated functions. The theaters are ranked from top to

bottom in terms of increasing "dlfflculty of achievement" or,

equivalently, increasing Av requirement. This ordering also

serves to rank the missions by cost, because a mission's cost is

driven by its Av requirements. Table 4-i shows how the function-

al categories defined here encompass and relate to the designa-

tions of space missions often used in NASA planning documents.

The findings of our analyses o_ the functional space mission

categories shown in Figure 4-i are detailed in Volume IV, Sec-

tions D.1 through D.8. Sections 4.3 and 4.4 following illustrate

the method of analysis for two missions: Supporting Space Trans-

portation and Earth Resource Survey. Section 4.5 summarizes the

findings for all the functional mission categories.

In identifying the core technologies underlying each func-

tional mission category, we found it useful to define several

indicators of value and cost. These are:

Dominant utility parameter(s)--these are the key tech-

nical characteristics of the products and services

produced by the space mission: for example, ground

resolution in the case of Earth Resources Survey;

Allowable cost threshold--this is the cost of the pro-

ducts or services which have the same technical charac-

teristics as those provided by the space mission and

which are obtainable from competitive, nonspace means;

Uniqueness--this is the "value" of a space-derived

product that is not achievable through competitive

nonspace means;

Opportunity cost--this is the maximum allowable cost of

the space mission, i.e., the cost at which the products
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or services produced by the mission become competitive

with the cost off other, nonspace alternatives. In the

case of unique space products, the opportunity cost is

the level at which the cost of the space mission equals

the value of the unique products.

Not all the products of space missions can be evaluated in

economic terms; the data garnered from scientific observation

missions are an example. However, even for such products having

"intangible" value, criteria of cost/effectlveness can be

applied. For example, alternative mission implementations can be

compared in terms off bits of scientific data produced per dollar

spent.

4.3 SUPPORTING SPACE TRANSPORTATION

4.3.1 KEY PERFORMANCE CRITERIA

The price/performance of space transportation (ST) is key to

the deployment of useful payloads within all space theaters. In

the light of the utility and cost indicators identified above,

the utility parameter of ST can be defined as the weight (kilo-

grams) of payload placed within the target theater.

Varying with the utility of the mission, the allowable cost

threshold should be commensurate with the value of the useful

products provided by the payload. A general desideratum is that

the cost be as low as possible.

We focus here upon the most demanding element of ST, the

Earth surface-to-LEO leg. Earth-to-LEO propulsion systems must

simultaneously provide high thrust and high energy. High thrust

combined with high energy is also needed for ST systems aimed at

landing on atmosphereless celestial bodies (where atmospheric

braking cannot be employed) and at departing from celestial bod-

ies having significant levels of surface gravity, e.g., Moon,

Mars.
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The conclusions described below apply to both Earth-to-LEO

ST systems operating between space theaters in which gravity is

in equilibrium, where thrust can be low, e.g., transfer from LEO

to GEO. Whereas STs operating from gravity "wells" are dominated

by the need for thrust, STs connecting gravityless theaters are

driven by the time requirements for transiting between theaters.

In general, ST cost is dominated by:

The exchange ratio, i.e., the lift-off weight required

to place a given weight of payload in a given space

theater, starting from the Earth's surface or from an

intermediate station, e.g., a LEO platform;

The cost of the support structure required to contain

the fuel, accommodate the payload, provide the thrust,

supply the required guidance and control functions.

Figure 4-2 shows representative exchange ratio8 for ST sys-

tems operating from the Earth's surface. These data are based

on"

State-of-the-art structural eflfliciencies (ratio off

weight of fuel to fueled llft-off structure, exclusive

of payload) of order 90-93%;

State-of-the-art thruster technology (available thrust

engine efficiencies of order 95%).

Table 4-2 synopsizes key cost parameters of current ST, in

terms of dollars per kilogram of liftoff structure and dollars

per kilogram of payload. These costs are exclusive of the costs

of the payloads themselves and of the RDT&E effort involved in

researching and developing the launch vehicle; they reflect the

cost of the launch vehicle, including fuel, and the cost of the

launch services.
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Table 4-3 shows the sensltlvlty of the exchange ratio to

improvements of structural efflclency. Comparison between Tables

4-2 and 4-3 shows that further improvement of structural effl-

ciencles would yield only marginal benefits, i.e., increases of

payload weight of, at most, another few percent.

In contrast to the ELVs, the Space Shuttle presents a some-

what different situation because of its significantly different

operating characteristics, namely that the Shuttle is manned and

reusable. Table 4-4 and Figure 4-3 show the Space Shuttle's

costs by major elements, as a function of the number of yearly

flights, and a detailed cost distribution for a 1985 manifest of

12 projected flights. As shown, Space Shuttle costs decrease

significantly as the number of yearly flights increases, up to

approximately 18 to 20 flights per year. At higher traffic

rates, the cost reduction trend begins to flatten.

The assumption underlying the costs shown in Table 4-4 and

Figure 4-3 is that the Space Shuttle's R&D and the manufacturing

costs of the four orbiters are sunk and not amortized, because of

their reusability. The hardware costs include only recurring

costs such as those associated with the external tank. The indi-

cated reduction in hardware costs as a function of flight fre-

quency and time is assumed to result Crom learning effects.

The Space Shuttle's split between hardware and services

costs is substantially similar to that for ELVs--approximately

fifty-flfty. For Shuttle a larger portion of the services costs

is for mission operation support, which includes flight support,

research, and project management costs.

4.3.2 KEY TECHNOLOGIES

In identifying core technologies enabling advanced ST with

high utility, our analysis leads to the following key findings:

4-10



TABLE4-3

EFFF__ UPON PAYLOAD WEIGHT OF INCREASING

THE LAUNCH VEHICLE'S STRUCTURAL EFFICIENCY

LSP
m

300

4O0

5OO

1,000

_FICI_qCY ING-'NF_ASES

95%
100%

95%
100%

95%

100%

95%

100%

PAYLOAD
INOREASESB1ra

6.0%
16.0%

4.0%
14.0%

4.0%
12.0%

2.5%

6.0%

ia FOR 28°, 500 _q_LEO
I

4-11



.R

I

_i °_ ° _ _- _

I_- _ 11_ OO r-_

_l_ I_- _ r-4

CM

_l_ O

oj

CM

_f

_l_

_l_

_l_ ° __ O

o

LP_
I_- _" O

H

l
l

H

".D

4-12



ECONOMY OF SCALE

Cost Per Shuttle Flight Versus Yearly Number of Flights
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Further increases in structural efflclency, although

important for other reasons, offer only modest in-

creases in exchange ratio. A major impact is possible

only by upgrading propellant specific impulse.

The current costs of ST launch vehicle structures range

from $500 to $2000 per kilogram. By contrast, costs of

large commercial aircraft are of order $140/kg, includ-

ing avionics and all other on-board equipment. Air-

craft are reusable many times, ELVs only once.

The cost of ST launch services is as high as the cost

of the launch vehicle itself.

These findings suggest several techniques and technologies

for achieving significant near and medium-term advances, without

the need for "leapfrogging" the state-of-the-art:

Reduction of launch vehicle structural costs through

improved fabrication technology and new low cost-to-

weight materials;

The thrust here should not be on lighter structures--

because the structural efficiency is already so high as

to be at the point of diminishing returns--but on less

expensive structures.

Reduction of the cost of launch services through auto-

mation of service functions and use of innovative man-

agement techniques.

Reduction of overall launch vehicle and spacecraft

costs by trading redundancy with astronaut maintenance

capability. Similar trades could optimize choice be-

tween highly reliable, costly "one shot" missions ver-

sus lower reliability, less expensive multiple mis-

sions.
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With regard to the leapfrog advance--increased Isp--consid-

erable research was invested, in the late 1950s and early 1960s,
in hlgh-energy, high-thrust propellants. The "taming" of the
LOH-LOX reaction has since led to a decline in this research.

Table 4-5 lists the characteristics of potential advanced

propellants drawn from a recent USAF survey of the field. Of the
26 propellant technologies reviewed by the USAF, the Table lists

the six which appear most promising for practical application in
the 2005-2010 era.

4.4 EARTH RESOURCES SURVEY

4.4.1
KEY PERFORMANCE CRITERIA

The object of this functional mission category is to map

surface features for discovering and inventorying natural re-

sources.

We concentrate here on observations using imaging tech-

niques. These have been the most used from space systems. Other

types of observations, important for prospecting and the invento-

ry of natural resources, are currently performed by airborne and

ground methods. These include geomagnetic, geogravitic, soil

moisture measurements through use of passive microwaves. While

not yet sufficiently developed to yield practical utility from

space platforms, they will eventually be performable from space.

The value of the information obtained from a remote Earth

observation system varies with the application to which the in-

formation is put. Experience from aircraft and space-based sys-
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tems shows that the value of imaging systems is a function of

three dominant param eters:a

@ Approximately 75-80% of the value hinges on the ability

to recognize shapes. The corresponding utility para-

meter is the system's geometric resolution.

Approximately 20%-25% of the value depends upon the

discrimination of "color." The corresponding utility

parameters is the system's spectral resolution.

@ Multiple observations of the same area increase the

value by approximately _-N, where N is the number of

revisits.

The allowable cost threshold is determined by what can be

accomplished, at what cost, by the most competitive alternative

means, i.e., by the resolution-revisit frequency combinations

achievable by conventional aircraft survey systems.

The costs of an end-to-end remote sensing system fall into

three categories:

i •
Costs associated with gathering the data, up to and

including the generation of the raw product, e.g.,

film, tape;

.
Costs associated with interpreting the raw products and

elaborating them into finished products, e.g., maps;

a "MLA Value Derived from an Analysis of National Land Mapping

Activities"; ECOsystems International Inc., October 21, 1980

for NASA/GSFC.
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• Costs associated with deriving, from finished products,

information needed by the final user, e.g., agrlcul-

rural acreages, potential for oil and gas findings.

Category 2 and 3 costs are common to all remote sensing systems.

It is only in Category 1 that a space-based system differs from

its aircraft counterpart. Category I costs, thus, characterize

the space mission's utility and drive its technology require-

ments•

4.4.2 DATA GATHERING FUNCTION

Representative unit costs of data gathering using conven-

tional aircraft remote sensing systems are shown in Table 4-6.

In principle, the product of the unit costs times the area

of coverage of interest (e.g., square kilometers per year) pro-

vides the cost threshold, i.e., the maximum allowable expenditure

for the equivalent space system. Although a large body of liter-

ature has attempted to define the commercially practical area of

coverage for an Earth resources observation satellite, the esti-

mates range widely and a definitive assessment is not yet avail-

able.

A practical estimate of the economic value of space remote

sensing can be obtained by gauging the current "mapping"

business.

Mapping by federal and local civil governments and by pri-

vate industry is the prlmary use of remote sensing in the U.S.

today• Eighty-four percent of this mapping activity is funded by

*_ 6_% _ _e-_t_d to privatethe federal government; of ....s, , ...............

industry. Approximately 5% of the total activity is funded by

private enterprises, e.g., land developers, oil companies. Table

4-7 lists the major map products currently produced by federal,

state and local agencies. Table 4-8 summarizes, by category, the

quantities of mapmasters currently being produced.
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TABLE 4-6

REPRF_SENTATIVE COSTS OF AIRBORNE REMOTE

SENSING DATA GATHERING

raTA _ V-_ITSa
_LTIPLYINO FACTOR

FOR N REVISITS b

B&W P_ILTISPE_PRAL _ IR SAR

5o 1 1.50 4 15 N°'85

10 2 3 8 2O N°'85

5 3 4 -- 25 N0"85

i 4 5 -- -- N°'85

a FOR AREA COVERAGE OF I0,000 km 2. PRICES REPRESENT THE AVERAGE OF THREE

COMMERCIAL QUOTES, AND ARE IN 1982 DOLLARS. THEY INCLUDE DELIVERY OF IMAGE
PRODUCTS AT 60_ OVERLAP. PRICES ARE SOMEWHAT LOWER FOR LARG_ COVERAGES.

b THE MULTIPLYING FACTOR ASSUMES _HAT THE REVISITS ARE COORDINATED, i.e.,

CONTRACTED AS A SINGLE BATCH.
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TABLE4-7

PRINCIPAL CURRENT MAP PRODUCTS

_P PRDDUCT

AERONAb_ICAL CHARTS

BOUNDARY MAPS

CADASTRAL MAPS

CENSUS MAPS

CLIMATIC MAPS

EARTHQUAKE HAZARD

FEDERAL PROPERTY MAPS

FLOOD PLAIN MAPS

GEOLOGIC MAPS

LAND USE

HYDROGRAPHIC CHARTS

SOILS MAPS

CLIMOMETRIC MAPS

SNOW COVER MAPS

TOPO MAPS

WAT_ RESOURCES MAPS

AEROPHOTOS

ORTHO PHOT0 MAPS

PRI_IPAL

I_ODUCI_ AG_CI_

NOS

IBC, DOS

COUNTIES, STATES

BC

NWS

USGS

BR, FWS, FS, NPS, USGS

FIA, NOS, SCS, USCE, USGS

USGS, STATES, NOAA/EDS,
BU MINES

NOS, USGS

NOS, USCE, USGS

SCS

USGS

NOAA/NESS

USGS

USGS

ASCS, BLM, DMA, FHWA

USGS, NOS, BIA
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Total expenditures by federal, state, local and private

users in FY 1983 approximated $1,250 million (in current $).

This is then the current market for mapping products. This mar-

ket is forecasted to grow to $1,700 million (in 1983 $) by year

2,000 and $2,020 million by 2010 b. This "here and now" market is

much larger than the sum-total of the markets which have thus far

been postulated for Landsat data, e.g., agriculture, land use,

pollution mapping.

The costs of data gathering and of the other elements in the

end-to-end mapping process are shown in Table 4-9. The portion

attributable to the data gathering function, i.e., sensing and

providing the "raw" images, is approximately 5% of the total

costs. As shown, the cost of producing maps exceeds by a factor

of twenty the revenue from their sales. In effect, map-maklng is

a public service, Justified by its social value rather than sole-

ly by commercial considerations.

Approximately 87% of the raw products used in mapping con-

sist of black & white (B&W) aerial photography. For example, the

Agricultural Stabilization and Conservation Service, a major

producer, annually generates B&W photography covering 1,300,000

square kilometers. These are sold to map-making agencies and to

the public at large.

The most significant utility parameter of B&W imagery is

resolution. Table 4-10 shows the minimum resolution required for

the various standard map scales.

Analysis of the mapping market shows that most of the needs

for B&W are met with a ground resolution of order three to four

meters. At lower resolution, the addressable market drops sharp-

ly, as shown in Figure 4-4.

b Op. Cit.
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TABLE4-9

RELATIVE COSTS BY ACTIVITY IN THE

END-TO-END PRODUCT CHAIN OF FEDERAL CIVIL MAPPING

PERCENT OF

ACTMTY TOTAL COST

DATA _ON 5

INT_ATION 21

44

D_ON 5

ARCHI_ AND SAL_ ii

_ & DEVI_)_ 3

TOTAL OOST i00

REVENUE FROM PUBLIC SALES 5
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TABLE 4-i0

GROUND RESOLUTION REQUIRF/) AS A FUNCTION OF SCALE

FOR STANDARD MAP PRODUCTS

_KNimm F_gn_D

I: 15,000,000 3,750

I: Ii,000,000 2,750

i: 8,000,000 2,000

i: 7,500,000 1,875

i: 3,168,000 792

I: 2,500,000 625

l: 1,000,000 250

I: 500,000 125

l: 250,000 63

i: 150,000 38

l: 125,000 31

l: i00,000 25

l: 63,360 16

l: 62,500 15

I: 50,000 13

i: 31,680 8

I: 30,000 7

I: 25,000 6

I: 24,000 6

i: 20,000 5

I: 15,840 4
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Figure 4-4. Addressable Market For Remote Earth

Observations As A Function of Ground

ResoluUon and Type of Imagery
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Multlspectral capability adds value to B&W imagery. As a

minimum, if it can be provided at substantially the same price as

B&W imagery, it strenghtens the "capturability" of the address-

able market. For certain customers, multispectral imagery would

command a somewhat higher price. However, the market is quite

price sensitive. While most users prefer color, the higher cur-

rent price limits the demand. The curve labeled "MS" in Figure
4-4 reflects our estimate of the additional market addressable by
multispectral imagery as a function of resolution, c The curve

labeled "TIR" shows the additional addressable market, if thermal

infrared is added to the B&Wand to the multispectral feature.

As regards the uniqueness parameter, space-derlved imagery

possesses several distinct advantages, demonstrated in practice
by LANDSAT:

I • High geometric fidelity. RBV on LANDSAT 3 has shown

geometric accuracy of order ±0.1% in the "raw" image.

This compares with geometric distortions of several

percent in aircraft photography. For precision work,

alleviation of these aircraft distortions requires

costly image rectification. Approximately 5_ of air-

craft imagery is currently rectified, at a cost of

about $50 per image (1983 $).

We estimate that the availability of RBV-type imagery

with high geometric fidelity could expand total sales

of remotely sensed products by approximately 4_.

• High repetition rate. This feature is important to

users who require observations spaced at frequent time

intervals. Principal among these users are:

c Op. Cit.
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Agricultural statistical servlces--desirable repe-

tition is approximately ten days during the grow-

ing season. Remote sensing systems operating in
the visible/IR spectrum need to repeat every three

to five days to circumvent the masking effect of
cloud cover. Estimated yearly U.S. market for

these remote sensing products is approximately

$100,000-$300,000.

Geologic users--desirable repetition is four times

per year, to allow observation of geological
scenes under differing conditions of illumination,

snowcover, humidity, etc.

Disaster managers, e.g., floods--deslred frequen-

cies can be as high as every three days, to follow

the progress of the phenomenon and associated

damage-limitlng activities.

The ability of spaceborne remote sensing to pro-

vide high repetition rates can expand the market

by approximately 5_. d We estimate that SAR image-

ry, which can achieve high repetition rates by
virtue of its insensitivity to cloud cover, should

also expand the market by another 5%.

Aggregating the features that are unique to space remote

sensing, we estimate that a B&Wspaceborne remote sensing system

producing imagery at approximately 3 to 4 meter resolution could

address approximately 90_ of the U.S. mapping market if the total

price off the data collection did not exceed 5_ of the total
costs. Addition off multlpsectral _ ,_m_1 _o_ry _p_i I_-

d Op. Cit.
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ties would meet the llon's share of the market. The U.S. ad-

dressable market for "raw" remotely sensed products is estimated

to be equivalent to $62 million/ year currently and $85 million/

year (in 1983 $) in 2000.

We estimate that the multiplying factor for the world market

is approximately 3, thus establishing a world-wide addressable
market of order $270 million (in 1983 $) by 2000.

The "capturable market," i.e., that share of the addressable
which a future earth observation satellite could actually expect

to "sell," depends to a large extent upon the competition among
satellite systems, both domestic and foreign. The capturable
market would be affected by national policies of price support

and by potential future improvements in prlce/performance of
airborne remote sensing systems. A reasonable estimate for a

"very good" (high resolution, low price) system is half of the
world market--S135 million per year. For an average (lesser

resolution) system, we estimate the capturable market to be be-
tween one-tenth and one-flfth of the addressable market.

This bounds the allowable cost of the system, and sets the

technological challenge--achievement of the requisite resolution-

price, performance.

4.4.3 INTERPRETATION AND ELABORATION FUNCTION

Interpretation is the translation of features contained in

the "raw" imagery into standard symbology and classifications,

e.g., terrain topography, ground cover, urban habitats, waterbo-

dies.

Elaboration, consisting of cartography and printing, con-

verts interpreted data into finished map products. As shown in

Table 4-9, it represents the largest share of current costs.
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Whereas the data gathering function represents approximately
5% of the costs of civil mapping, Table 4-9, interpretation ac-
counts for over 20%. Its addressable U.S. market is thus of

order $250 milllon/year currently, $350 million/year (in 1983 $)

in 2000. Worldwide, the year 2000 market could be as high as

$750 to $i,000 million/year.

Two technologies are currently employed for interpretation:

VS (Visual System)-based, also known as photointerpre-

tation (PI). This technique has been used since the

inception of aerophotography, circa 1910.

Computer-based, also known as automatic classification.

This technique was pioneered by NASA beginning in the
late 1960s, specifically to interpret multispectral

data gathered from aircraft and/or satellites.

VS-based systems are currently used to interpret the major-
ity of remotely sensed data. Its accuracy is of order 90% for

"normal" civil products, 95% and better for high quality pro-
ducts. Much effort has been expended, and is ongoing, (primarily

on the part of DOD) to automate VS-based interpretation. Al-

though progress has been encouraging, full automation is still a
goal. DOD, for example, still employs approximately 4,500 photo-

interpreters.

Table 4-11 provides a calibration of the accuracy of automa-

tic classification by computer-based systems using LANDSAT i, 2,

and 3 data. It shows that the automatic system has not yet

reached the "utility" threshold. This may explain why LANDSAT
market penetration has been limited. Somewhat improved results

are anticipated from the higher-resolution LANDSAT Thematic Map-
per Satellites.
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TABLE4-11

ACCURACY OF CLASSIFCATION FROM LANDSAT

(AVERAGE OF 224 TESTS, i0 GEOGRAPHIC LOCATIONS, ONE SIGMA CONFIDENCE)

ACCURACY, _ __

ACCURACY, BY CATIK?g3RY

URBAN

CROPLAND

FORESTS

WATER

m_oPom_oN ESTn_TION a MAPPING

74% 63%

3O%

55%

75%

86%

ACCURACY, _RESHOLD OP

A(X_PTANGE 96% 85% TO 90%

a PROPORTION ESTIMATION IS THE MEASUREMENT OF THE TOTAL SURFACE COVERED BY A

GIVEN SPECIES, e.g., WHEAT, WITHIN A CF_AIN REGION, e.g., HASKILL COUNTY,
REGARDLESS OF WHERE THE SPECIES IS LOCAT_ WITHIN THE REGION. PRIMARILY

USED FOR CROP AND FORF_ ACREAGE ESTIMATION. EASIER TO OBTAIN THAN MAPPING.
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Achieving improved interpretation through automatic means

continues to be the technological driver affecting the commer-

cialization of Earth Resources Survey.

4.4.4 USER INFORMATION FUNCTION

This function converts the interpreted data into the final

information products sought by the ultimate users. The conver-

sion is performed by the final user or intermediate specialist

(value-added industry) and occurs in two modes:

Mode I. From map products augmented by auxiliary margin

informatlon--e.g., land use, topomaps, business

activity censuses.

Mode 2. From raw or partially interpreted products such as

annotated aerial photography combined with auxil-

iary informatlon--e.g., combined use of aeropho-

tos, aeromagnetlc/gravitlc surveys, geologic,

seismic data by oil prospectors.

No comprehensive sizing of the dollars spent in performing

the user information function has been developed. It is esti-

mated to be on the order of several billion dollars per year in

the U.S., the largest share accruing to Mode 2. e

The market for Mode 2 services for aircraft remote imagery

is large. The corresponding market for services which exploit

the unique characteristics (high geometric fidelity and repeti-

tiveness) of space imagery is also large. If properly developed,

it could overshadow the data gathering and the interpretation

markets described above.

e
"Business Case for Remote Sensing Products," ECOsystems

International, Inc., October 1979 for NASA Headquarters.
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Key to addressing this market--indeed central to the long-

term growth of Earth observation systems--Is the development of

technologies for economically accomplishing the user information

function. Of these technologies, embracing pattern recognition,

radiometric classification, multisensor and multidata correla-

tion, the most challenging for long-term development is that of

geometric pattern recognition. Section E.4 presents the state-

of-the-art and projections for progress in this technology.

4.4.5 EARTH RESOURCES SURVEY FROM GEO

The dominant uniqueness feature of GEO-based observation

systems is the opportunity of observing phenomena faster than

from LEO systems, i.e., minutes to hours instead of days to

weeks. This capability derives from the large field of view

available from GEO. It further derives from the ability to ex-

ploit cloud dynamics, i.e., the fact that many cloud covers are

not continuous but patchy and moving; thus ground objects ob-

scured at certain moments can subsequently become revealed in

relatively short time intervals.

To date, the value of this added uniqueness feature has not

been reliably and credibly quantified. In our estimation, its

principal application would be for warning of major meteorologi-

cal disasters and consequent potential alleviation of their ef-

fects.

This application belongs to the functional mission category

of Earth Atmosphere Observations, treated in Section D.2.

Two factors dominate the relevant opportunity cost para-

meter. First, achievement of requisite geometric resolution from

GEO requires use of aperture diameters 40 to 50 times those need-

ed from LEO. At optical wavelengths, a I0 meter diameter opti-

cal-precision aperture is needed to achieve the 4 meter resolu-

tion required for addressing the U.S. mapping market. The cost of
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fabricating and deploying such large structures within the time

frame of this study appears to be incommensurate with their util-
ity.

The second factor is that GEO observation systems are more
limited in their area of coverage than LEO systems. A single GEO

system could serve the Western Hemisphere, but three systems
would be required to address the world market.

Our analysis indicates that GEO Earth Observation Systems

capable of cost/effectlvely addressing the remote sensing market
lie beyond the year 2010.

4.4.6 KEY TECHNOLOGIES

Table 4-12 summarizes the characteristics of a 2000-2010 era

spaceborne remote sensing system that our analysis shows could

effectively address the civil remote sensingmarket.

Based on projections of sensor and spacecraft technologies, f

achieving the necessary spaceborne technological capabilities

does not appear to be partlcularily difficult. The principal

engineering challenge is to achieve these performance character-

istics within the allowable cost windows.g

A related, more difficult challenge, is the development of

improved interpretation and user information technology, as de-

tailed in Volume IV, Section D.1, and in Volume V, Section E.4.

Computer-based interpretation techniques, currently accurate to

approximately 60-75%, could achieve the requisite higher perform

f

g

"NASA Space Systems Technology Model", NASA OAST, January
1984

Another constraint could be institutional, relating

public dissemination of 3 to 4 meter resolution imagery.

to
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TABLE4-12

CHARACTERISTICS OF FUTURE

SPACEBORNE REMOTE SENSING SYST_

GROUND RESOUn_ON

AREA OOV_GE, YEARLY

U.S.

WORLD, U.S. INCLUDED

LOCATION OP COVerAGE

_v_rITiON _Y

_INO WA_ R_31ONS

'I_AL ALLOWABLE YFAP,LY C0_
0F _A6"_ SY_ INCIX_II_
'q_A_P' PI_DOCT (_Dg_ATION

= 3_5_

= 2 TO 3 MILLION km2
= i0 TO 20 MILLION km 2

FOR MOST USERS, PREDESIGNATED AREAS

FOR A LIMITED NUMBER OF USERS, ADHOC
AREAS: WITH REACT ON A QUICK REAC-

TION CAPABILITY

FOR MOST USERS, APPROXIMATELY ONE TO
q'HREE MONTH TIME BETWEEN TAKES

A LIMITED NUN_ER OF USERS REQUIRE

RE-IMAGING THE SAME SCENE AT 3 TO 5

DAY INTERVALS.

PRIMARY: PANCHROMATIC (BLACK &
WHITE) AND/OR SAR

SECONDARY: MULTISPF_

TERTIARY: THERMAL IR

"AVERAGE"

SYSTEM: $30 MILLION

"VERY GOOD"

SYSTI_: $130 MILLION
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ance (90 to 99%) if they could be made to operate on the geome-

tric as well as the radiometric features of the data.

In summary, the technologies required to develop a remote

sensing spacecraft and associated ground processing and distribu-

tion system that can compete with conventional methods are essen-

tially available. The principal challenge is cost. The annual

yearly operating costs for a very good system, including inter-

est, amortization, O&M, and continuity R&D, should not exceed

approximately $130 million (in 1983 $) in the year 2005-2010.

The driving R&D challenge is automatic interpretation, combining

geometric pattern recognition with multispectral radiometric

analysis.

4.5 SUMMARY OF ANALYSES OF FUNCTIONAL SPACE MISSIONS

This section summarizes the findings of the analyses we

conducted on all the functional space mission categories; the

individual analyses are shown in Volume IV, Sections D.I through

D.9. The analyses show considerable variation among the missions

with respect to their sensitivity to leapfrog improvements in

effectiveness. Underlying all space missions is the need for

technologies that reduce the cost of spaceflight.

The salient characteristics and key technology drivers of

the missions, projected to 2005-2010, are recapitulated follow-

ing.

Supporting Space Transportation

Structural efflclencles currently being achieved--

defined as the ratio of propellant weight to the weight

of the entire lift-off vehicle, exclusive of payload--

are better than 90_. For example, Delta's efficiency

is 93%. Further increases in structural efficiency,

such as may be possible though the use of advanced
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materials, portend only modest increases in the ex-

change ratio (kilograms at lauch per kilogram of pay-
load deployed in space).

Current costs of expendable launch vehicle structures

range from $500 to $2000 per kilogram, in constrast

with all-up costs of large commercial aircraft, which
are of order $140/kg. Significant cost reduction

should be sought not through use of improved structures

--because their efficiency is already very high--but

through application of advanced manufacturing tech-

niques and use of new materials having low cost-to-

weight ratios.

Cost of launch services is as high as the cost of the

launch vehicle itself. Cost reduction should be ad-

dressed: automation of service functions and use of

innovative management techniques are avenues.

Reducing launch vehicle structural costs by a factor of

two combined with a 50% reduction of launch services

costs appears to be reasonable goal. These actions

alone would would lower the costs of space transporta-

tion by a factor of four; for a Delta, this would lower

the cost per kiloram of payload in LEO from $i0,000 to

$2,500. Such improvements would place NASA heads and

shoulders above any foreseeable foreign competition.

Increasing propellant specific impulses is of major

significance in decreasing the exchange ratio. Best

fuels in current use (LOX-LOH) generate energies per

unit weight (calorles/kg) which are of order one-

fiftieth (2%) that of the most energetic known chelnical

reactants. If these advanced propellants could be

produced and exploited at costs comparable to those of

current hlgh-energy fuels (order of $0.08/kg), space
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transportation costs could be reduced by an order of

magnitude, simply by virtue of the lighter structures

that would be needed to orbit space payloads. The cost

of these advanced propellants could be one to two or-

ders of magnitude higher than LOX-LOH, without impact-

ing significantly the cost of space transportation.

Earth Resources Survey

Spacecraft and sensor technologies needed to achieve a

remote sensing space system competitive with conven-

tional airborne methods are available now.

The principal requirement is low cost. Yearly recur-

ring costs, including R&D amortization, for a "very

good" space-based remote sensing system should not

exceed $130 million (1983 $).

The dominant utility parameter is ground resolutlon; 3

to 4 meter resolution at black & white would essential-

ly satisfy the major portion of the imagery market.

Addition of multlspectral capabilities would add ap-

proximately 20% additional utility to B&W imagery, if

provided at low cost.

The driving technology issue is automatic Interpreta-

tlon of the remotely-sensed data, combining geometric

pattern recognition with multispectral radiometric

analysis.

Earth Atmosphere Observation

The purpose of routinely observing the Earth's atmos-

phere is to improve the length and accuracy of weather

forecasts. Three basic types of forecasts supporting

important economic interests are in current use.
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Mesoscale forecasts, covering restricted geograph-

ic regions, aim at predicting the time of occur-

rence, location and intensity of local phenomena,
such as tornadoes, severe winds, frosts.

@ Synoptic forecasts, routinely provided by national

weather agencies, cover large geographic areas, up

to hemisphere. Their objective is to predict

important atmospheric parameters such as pressure,

temperature, rainfall.

Climatological forecasts, covering geographic

areas up to the entire globe and time spans rang-

ing from weeks to years, aim at predicting long-

term atmospheric trends, such as secular increases

of temperature.

Forecast accuracy has improved significantly over the

last three decades as regards certain important atmos-

pheric parameters, e.g., pressure, temperature, zone of

expected arrival of hurricanes. For other parameters,

e.g., rainfall, improvement has been slight.

The consensus of the meteorological community is that

significant forecast improvements can be brought about

by increasing the density and frequency of data collec-

tion points. The only cost-effective means to accom-

plish this is via satellites. However, accuracy of

measurement of key atmospheric parameters from satel-

lites still lags by approximately an order of magnitude

behind the precision achievable by conventional means,

e.g., radiosondes. The mismatch is more severe for

geosynchronous satellites. Notwithstanding, these

offer the opportunity of continuous measurements as

contrasted to LEO satellites, where recurrence of ob-

servation of the same area is only as frequent as

twelve hours.
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Satellite limitations in accuracy, speed and areal

resolution are not basic to sensor equipment. We know

how to build sensors that are an order of magnitude

more accurate than current versions. The limitation is

the low level of energy that current satellite collec-

tors can acquire.

The driving technological issue related to the improved

geometric, spectral and temporal resolution needed to

achieve the high density of measurements required to

improve forecasts is the capability to fabricate and

deploy large energy-collectlng structures. Typical

diameters range from one meter in the optical range, to
several meters in the thermal infrared, to several

hundred, up to one thousand meters, in the microwave

range.

Communications

Communications traffic in the U.S. of all types--voice,

video, data--accounts for approximately 45% of the

world's traffic, and is doubling every 12 years.

Domsats currently carry more than half of the world's

satellite communications traffic. As a result, the

geosynchronous arc over North America is becoming satu-
rated.

Saturation problems can be alleviated in the near-term

by transitioning to higher carrier frequencies, such as
the 30/20GHz band. By allowing narrower beamwldths and

higher communications bandwldths, this technology could

postpone saturation until approximately 2000.

Higher frequencies, for example the 50/40GHz band, are

being explored by USAF. However, attenuation by the

atmosphere poses limits to very high frequencies.
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The driving technology need is the development of large

antenna structures, with diameters of 50 meters and

more, that can be deployed in GEO. In theory, this

would allow multiple ground communications nodes to

access the space antenna by virtue of space diversity.

Achieving capability hinges on the development of manu-

facturing and deployment techniques that assure accu-

racy of antenna contour over large areas under varying

space environmental conditions. The capability also

requries the development of efficient means for on-

board switching.

Navigation

The object of space-based navigation systems is to

supply terrestrial users--on land, sea, and air--with

information that lets them know where they are, how

fast and in which direction they are traveling.

The Global Positioning System (GPS) provides this data

worldwide, on call, within a few seconds, with accura-

cies ranging from 1 to 16 meters. Technically, GPS can

serve the needs of navigational users well into the

early 21st century. Widespread use of GPS capability,

coupled with data processing technologies which are

either available or which can be developed in the near-

term, could provide the bulk of the U.S. population

with facile means of traversing unknown surroundings.

It could also provide for: a) control of airborne and

maritime traffic; b) accurate survey of poorly known

locations; c) continuous, accurate knowledge of the

location of persons and/or vehicles with whom it is

desired to maintain contact.

The driving technology needed is reduction of the coat

of GPS's terrestrial terminal equipment. Current costs
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are of order $5,000 to achieve 16 meter location accu-

racy, $50,000 for I meter. Reduction to the order of

5200 and 52,000 respectively would open the era of mass

use of space navigation.

Design, mass production and marketing of inexpensive

ground terminals is a function of private industry.

NASA could provide the initial impulse.

A potential role for U.S. government is the development
of next-generation airline traffic control concepts and

systems employing the capabilities of GPS.

Scientific Observations

Our use of this term denotes only the purely scientific

mission, as distinct from missions oriented to benefi-

cial uses--e.g., Earth Resources Survey, Meteorology--

or aimed at improving techniques of spacefllght--e.g.,

biomedical research, test of spacecraft subsystems.

The key return from space science missions is informa-

tion. The "value" of scientific data cannot be quanti-

fied objectively; much of it can bear unexpected fruits

years and even decades hence. However, reduction of

mission costs would enable more missions, producing

more data per available dollar.

For the average space science mission, launch vehicles

account for approximately 20% of the total cost; launch

services for 20%; the costs of the instrumentation

represent 20%; the costs of the spacecraft supporting

the instruments (including structures, controls, on-

board utilities, and data transmission) averages 30_.

Approximately 3% of the total mission cost is devoted

to the processing and analysis of the scientific data,

including support of the scientific investigators.
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Comparison on an equal-performance basis of ground-

based and airborne equipment with its spaceborne coun-

terpart, shows that the costs of the latter are higher

by two to three orders of magnitude. The high costs of
the spaceborne instrumentation are attributed to the

need for high reliability in the absence of periodic
maintenance.

Significant reductions of these costs are, in princi-

ple, possible within the environment of a manned space

station. For ELVs, significant reductions are feasible

by substituting multiple deployments of scientific

instruments having lower reliability for single deploy-

ments of highly reliable equipment. This savings comes

about because cost is an exponential function of relia-

bility. Single equipment with very high reliability

costs much more proportionally than multiple equipment

of lesser reliability.

Extraction of Industrial Materials from the Moon

Apollo and Lunachod have assayed specific sites of the

upper lunar crust for presence and concentration of

materials. The assays have shown an average composi-

tion not significantly different from the average com-

position of the Earth's crust. In particular, no eco-

nomically-significant concentrations of specific mate-

rials have been found.

Remote sensing of the lunar surface has likewise failed

to indicate presence of economlcally-important concen-

trations of materials.

@ Although they were widely dispersed over the Moon's

visible hemisphere, the Apollo and hunachod soundings

were few in numbers. A similar limited number of dis-
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persed assays on Earth could also have failed to reveal

significant concentrations of ores. Thus an argument

could be advanced in favor of possible economic find-
ings, if only a denser assay were conducted.

Countering this argument are general geological find-

ings and theories. These indicate that the Moon, hav-

ing been "frozen" in its present state approximately

4.5 billion years ago, has not enjoyed mechanisms con-

ducive to mineral concentrations, such as tectonic

plate motion, volcanic activity, hydrothermal phenome-

na. A possible exception could be offered by phenomena

of magmatic separation, coupled with fissuring or other

mechanisms venting enriched magma onto the surface.

These findings indicate a high probability that average
concentrations of lunar materials are of the same order

as their average concentrations on Earth. On Earth,

concentrations considerably higher than the average are

needed for economically practical mining and extrac-

tion. As such exploitation of, lunar ores would re-

quire beneficiation, i.e., concentration by artificial
methods.

Development of economical benefication techniques would

obviate the advantage of extracting materials from the

Moon; because these techniques could be used far more

economically on Earth. For example, the Matterhorn

contains, in diluted form, a mass of iron equivalent to

20 years of U.S. iron production. It does not there-

fore appear that the Moon constitutes an economical
source of industrial materials for return to, and use
on Earth.

There is however sufficient residual uncertainty in
this finding (estimated at 10-15%) as to warrant con-
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sideration of the following actions by NASA: a) fur-

ther in-depth scientific investigation of potential
lunar mechanisms which could have induced concentra-

tions of minerals; b) modest, low cost, program of
further remote and in sltu exploration of the Moon for

the purpose of seeking ore concentrations.

Various proposals have been advanced for use of lunar

materials to build LEO and GEO infrastructures. While

lunar escape velocities are much lower than Earth's,
thus in theory launch costs form the Moon would be

lower than from Earth, the investment required to es-

tablish lunar mineral extraction facilities is very
high. From a strictly utilitarian standpoint, this

particular usage of lunar materials appears to lle

beyond the time frame of this Study.

Extraction of Useful Raterials From the Asteroids

From the utilitarian standpoint, the arguments advanced

on the subject of lunar materials hold "afortiori" for

asteroidal materials. In fact, analysis of meteorite

falls and findings on Earth indicate that approximately

6% of the asteroids appear to contain high concentra-

tions of important materials such as iron and/or nic-

kel. However, at the present state-of-the-art, the

round trip from and to Earth would last several years;

the transportation costs would exceed by far the value

of any known material which would be eventually re-

turned to earth.

The economics of this space mission place it well be-

yond the time frame of this Study. The key to its

future accomplishment is significant reduction in space

transportation costs.
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Exploitation of the Solar System as a Human Habitat

Expansion off human colonies onto the Moon and Planets

has been suggested for the purpose of relieving the

population pressure on Earth, or in pursuit of other

utilitarian aims, e.g., mining and return to Earth of

economically useful materials.

As regards utilitarian aims, the economic exploitation

of lunar, asteroldal and planetary material has been

discussed in the previous paragraphs. Its fruition

lles clearly beyond the time frame off this Study.

As regards the use of planetary bodies as human habi-

tats, the environmental conditions discovered thus far

to prevail on planetary bodies within the solar system

are adverse, with the possible exception of some Jovian

satellites. The costs of adapting these environments

to human habitation, coupled with the costs of space

transportation, place this possibility well beyond the

time frame of this Study.

Generation of Energy for Use on Earth

Solar power satellites (SPS) have been proposed as

sources of space-generated energy for use on Earth.

For obvious engineering reasons, a practical SPS must

be placed in GEO.

Current costs of coal-flred electric energy are of

order $0.02/kWh. Of this, $0.0075 to $0.01 is attri-

butable to fuel, the remalner to amortization of the

central generating plant. (The current industrial

sales price of electric energy, of order $0.06 to

$0.08/kWh, includes the amortization off the distribu-

tion network. Such amortization would equally apply to
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SPS-generated energy). Except for inflation, these

costs are not expected to rise significantly in the

future, because of the ample availability of coal in
the U.S.

SPS development scenario consisting of deployment of a

IMW prototype (approximately 10,000m 2 collector area)

in 1994 followed by deployment of an industrially-

scaled facility between 10MW and IGW ten years later
(2004).

Our computations show that the postulated family of SPS
could deliver electric energy at an Earth-based power
central at the following unit costs:

IMW PROTOTYPE

10MWINDUSTRIAL SCALE

100MWINDUSTRIAL SCALE

1994

$13.33/kWh

2004

$4.24/kWh

$2.34/kWh

$1.34/kWh

The capital investments, in millions of 1983 dollars,

required to implement industrial SPS systems, circa
2004, would be as follows:

SYSTEM HARDWARE TRANSPORTATION

10MW $I,010M $42M

100MW $5,818M $237M

IGW $32,720M $1333M

The above shows that the key to a competitive photo-

voltaic SPS is reduction of solar collector costs and

weights. To compete with coal-fired electric energy

costs of $0.02/kWh, the cost of space-hardened solar

cells would have to reduce to approximately one-one

hundredth of its current level. If this were to be
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realized within the next 20 years, the costs would have

to undergo a yearly compound decrement of 0.8 in con-

trast to the 0.95 yearly decrement currently being

experienced. Should the current rate of technological

progress be maintained, the era of practical realiza-
tion of a photovoltaic SPS would begin about 2040-2050.

@ The foregoing indicates that, assuming that technology

will continue to evolve at the current pace, practical

realization of a photovoltaic SPS lies beyond the time

frame of this Study.
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5.0 TECHNOLOGY THRUSTS ADDRESSING COMMON REQUIREMENTS

This Chapter considers the feasibility of implementing new

technology thrusts that address the technological, long-term

needs common to industry and NASA. It assesses the degree of

commonality that exists between the identified "pervasive" tech-

nologies portending major advances in industrial productivity and

social well-being and the technologies that underlie bold

advances in the nation's space capability. It presents view-

points of selected government personnel involved with technology

policy, regarding the concept of establishing coordinated,

government-industry programs; and it sets forth a framework for

planning program implementation.

5.1 COMMONALITY AMONG TECHNOLOGIES

Table 5-I lists the ten long-term pervasive technologies

associated with the industrial sectors and social aspirations

that we analyzed. Each pervasive technology addresses common

requirements underlying major productivity improvements, not

restricted to any one industry but effective across the board.

The table also lists the long-term technologies that provide the

basis for conducting advanced space missions.

We assessed the degree to which the industry-oriented tech-

nologies could benefit from inherent NASA capabilities, and the

degree to which their development contributes to the space pro-

gram. As shown in Figure 5-I, our assessment indicates that

NASA's capability to stimulate advances extends to all the per-

vasive technologies because NASA has in-house relevant talents

and demonstrated capability to organize and manage external

industrial and academic capabilities. Regarding the impact of

the pervasive technologies on the space program, we identify four

levels of contribution:
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TABLE5-I

DRIVING TECHNOLOGY REQUIREMENTS: 2010 HORIZON

U.S. INDUSTRY CIVIL SPACE

@ HYPERSTRENGTH MATERIALS @ ADVANCED PROPULSION

@ MULTIPROPERTY MATERIALS @ REmOTELY-SENSED IMAGE INTERPRETATION

• MOBILE ENERGY • LARGE ORBITING APERTURES

@ ARTIFICIAL INTELLIGENCE e INTERACTIVE DATABASES

• INFORMATION RATIONALIZATION e DIFFUSABLE TERMINALS

• ACCELERATED LEARNING

LIVE-PRESENCECOMMUNICATION

PATTERN RECOGNITION

INEXPENSIVE SPACE TRANSPORTATION

- LOW COST VEHICLES

- COST/EFFECTIVE LAUNCH AND MIS-

SION OPERATIONS

@ BIOTECHNOLOGY

MEDICAL ENGINEERING
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Advances in Artlflclal Intelligence, Information

Rationalization, Pattern Recognition have a direct

impact upon the space program. These technologies

underlie advances needed to achieve powerful inter-

active databases that better utilize scientific space

data. They also are key to advances in remotely-sensed

image interpretation. And they provide the underpin-

nings for a more capable space station and for plane-

tary surveys, leading to eventual missions aimed at

establishing human habitats within the solar system.

Developments in Hyperstrength and Multlproperty Mater-

ials directly support NASA's objectives in aeronau-

tics. To a lesser degree, they enhance specialized

facets of the space program, such as Large Orbiting

Apertures and Low Cost Vehicles for space transporta-

tion.

Advances in Mobile Energy would not only provide a

strong R&D impetus to industry, but would support

future space requirements for orbital energy storage.

Advances in Live Presence Oommunlcatlons and Bioteeh-

nology also support space objectives: The technology

needed for civil telecommutlng supports space teleoper-

ators; Biotechnolog_ and Medical Engineering develop-

ments support a spectrum of space requirements such as

advanced llfe support systems needed for planetary

habitats.

Progress in Accelerated Learning, a key ingredient to

improving industrial productivity, would tangentially

benefit the space program by enabling improvements in

productivity throughout the aerospace industry; e.g.,

lower cost launch operations through rapid training of

launch and space crew personnel.
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Our assessment showed only limited coupling of the ten per-

vasive industrial technologies with the space-oriented require-

ments of Advanced Propulsion and Diffusable Terminals.

Figure 5-2 shows the interdependencies between the pervasive

industry-oriented technologies and the driving space technolo-

gies.

These varying degrees to which industry-oriented technology

developments contribute to the space program represent a dominant
factor to be considered in structuring a NASA long-term, indus-

try-supportive technology thrust program. Industry-oriented
technologies that directly couple with space requirements would

be primary candidates. They provide the high leverage opportun-
ities with the broadest payoff. However, as described in Sec-

tions 5.2 and 5.3, other considerations also have to be examined

in selecting R&D thrusts that go beyond the space program itself.

5.2 VIEWPOINTS ON COORDINATED GOVERNMENT-INDUSTRY

TECHNOLOGY THRUSTS

Institutional considerations play a major role in structur-

ing technology programs in which government participates with

U.S. industry in addressing common technology goals. Although

such programs have precedents--USDA's County Agent system and

NACA are prime examples--their number is limited, and, in recent

years, their acceptance has been debated. To obtain guidance

with respect to institutional acceptance of the programs envi-

sioned in this study, we sounded out the views of technology

policy personnel in relevant government agencies. We presented

study findings to the organizations shown in Table 5-2.

The overall reaction was favorable. Most reviewers indi-

cated that the concept of NASA attempting to stimulate long-term

basic technological innovations aimed at improving industrial

productivity was in consonance with Administration policy; and
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TABLE 5-2

BRIEFINGS CONDUCTED ON NEW TECHNOLOGY THRUST PROGRAMS

• CONGRESS

_m

m_

SENATE SUBCOMMITTEE ON SCIENCE, TECHNOLOGY

AND SPACE

HOUSE SUBCOMMITTEE ON SPACE SCIENCE AND

APPLICATION

SENATE APPROPRIATIONS COMMITTEE

HOUSE APPROPRIATIONS COMMITTEE

EXECUTIVE

m_

mm

_D

mm

_u

m_

OFFICE OF SCIENCE AND TECHNOLOGY POLICY

OFFICE OF MANAGEMENT AND BUDGET

OFFICE OF TECHNOLOGY ASSESSMENT

NASA ADVISORY COUNCIL

NATIONAL RESEARCH COUNCIL

DEPARTMENT OF COMMERCE

FEDERAL AVIATION ADMINISTRATION

NASA ASSOCIATE ADMINISTRATORS

• INDUSTRY

m-- FORD MOTOR COMPANY

GENERAL MOTORS

THE BOEING COMPANY
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would likely receive broad support in Congress. We found near-

total consensus that NASA should initiate such a program; how-

ever, one group--the NASA Advisory Council--questioned the

advisability of NASA undertaking a research program not directly
supporting space. The presentations elicited viewpoints and

concerns that need to be considered in planning program implemen-
tation.

The "positive" comments included:

"The approach would be supportive of other ongoing

efforts--government and private--to revitalize the U.S.

position in the world marketplace, particularly in the

high technology arena."

"Government agencies should be assuming more active
roles in stimulating technologies. Government should

support such efforts, at least to the point of proof-

of-concept. Industry should be brought into such

efforts as early as possible and encouraged to take
over as soon as developments appear practical."

"Technology development programs undertaken by govern-

ment agencies should focus on long-term requirements
and not compete with short-term industrial programs."

"New efforts NASA may undertake should not fall into a

trap experienced in the past, in which a solution was

developed first and then a search undertaken for a

customer. Every effort should be made at identifying
and understanding customer needs right from the

beginning."

Q "NASA technology development should be concentrated on

basic problems."
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"NASA needs to recognize that several federal agencies

are already moving in directions envisioned in the

Study." Among these are the Department of Commerce and
the National Institutes of Health.

"NASA should not overlook the fact that a major source

of potential technology is the Department of Defense.

To the extent that DOD's efforts support pervasive

technologies, means should be devised to integrate
unclassified results into the NASA technology thrust

programs."

"Several government agencies have capabilities in

advanced technologies; but NASA is the logical organi-
zation to lead the mission."

Certain reviewers expressed reservations:

"Attempts by NASA to become involved with industry-
oriented research would tend to dilute concentration on

the more ambitious aspects of space exploration, such

as manned Mars, exploration of the outer planets..."

"The number one objective of this Office (White House

Science Office) is upgrading the level and quality of

basic scientific and technical education. Any develop-

ments in this area would be highly regarded."

The space science community, particularly in astronomy,

is concerned that too high a percentage of space
science funding goes to "tin bending." Some scientists

might regard industry-oriented programs as further
diverting support from scientific endeavors. However,

they would support the Study's finding that a principal

NASA objective ought to be development of advanced

technologies that increase the cost/effectiveness of

space scientific data gathering.
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5.3 PLANNING TECHNOLOGY THRUST PROGRAMS

We see the following five steps as constituting an effective

framework for planning "new technology" mechanisms:

Step I. Understand the concerns and reservations of the

key policy-making agencies regarding the new tech-

nology thrusts; and assess the disposition of

relevant agencies to assist in such efforts.

Step 2. Similarly, understand the reservations and wil-

lingness of relevant industrial groups to partici-

pate in such efforts.

Step 3. Assess the merits of alternative mechanisms for

implementing new technology thrusts, including a

review of experience and lessons-learned in estab-

lishing similar programs in the U.S. and abroad,

in particular, in Japan and France.

Step 4. Combine the findings of Steps I, 2, and 3 with the

technical and economic requirements to select

representative new technology thrusts to serve as

pilot efforts.

Step 5. For each pilot effort, develop a program plan

including:

Suggested NASA and industry participants,

Realistic milestones,

Suggested organizational structures,

Recommended program budgets.

In subsequent phases of the Study, we plan to extend our

initial sounding of the views and concerns of government agencies

(Step I) and to carry out planning Steps 2 through 5.
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Several key factors affecting this planning have emerged in
the course of the Study:

Recognizing the long-term horizon of the pervasive
technologies (2005-2010), meaningful intermediate mile-

stones need to be established. These must provide

industry with periodic useful results, to "justify" the

program and evoke continuing support. To sustain a

long-term program, periodic measures of progress
("return on investment") need to be established.

The challenges presented by the pervasive technologies
require the talents of the most capable scientists and

engineers. Many can be drawn from within the relevant
NASA Centers; the requisite extramural talent can be

marshalled through NASA's established technical and

contract management systems.

The structure of new technology thrust programs must

conform with established NASA "culture." Support from
highest executive levels will serve to motivate and

assure assignment of top technical and managerial
"space people."

Similarly, provisions need to be made to encourage
participation of outstanding government personnel from

outside NASA. Some agencies are already considering

similar industry-related activities, e.g., the Office
of Productivity, Technology and Innovation in the

Department of Commerce and the SDIO in DOD. Concrete

coordination among these efforts will simplify indus-

try's interfacing, i.e., minimize "red tape."

Four "model" government-industry structures have been

used or proposed for related types of programs.
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I • In-house programs--wholly funded and managed by a

single agency employing internal and contracted

resources•

• Inter-Agency programs--with funding and management

responsibilities shared in accordance with Inter-

Agency Agreements.

• Centers of Excellence--with funding shared in

various degrees by government, industry and aca-

demia; management responsibility is sometimes held

by government, frequently contracted to academia.

• Government-lndustry limited partnershlps--this is

the newest model, proposed by the Department of

Commerce and being explored by NASA to foster the

commercial uses of space.

Each of these models could be employed for the NASA technol-

ogy thrust programs examined by this Study• Their merits and

limitations need to be assessed, not in general, but with regard

to the characteristics of each specific technology and of its

industrial constituency.
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